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ABSTRACT 
 
METALATED NITRILES: NMR AND CYCLIZATION ANALYSIS 
 
 
 
 
By 
Matthew Purzycki 
May 2013 
 
Dissertation supervised by Professor Fraser Fleming 
 The ultimate goal of organic chemistry is understanding the processes involved in 
carbon-carbon bond formation.  Metalated nitriles are perfectly suited for the regio- and 
stereospecific creation of sterically congested quaternary centers.  These traits are 
dependent on the metal and the metal’s preference for coordination to either the nitrile 
nitrogen lone pair of electrons or the electron pair of the “anionic” carbon bearing the 
nitrile.  This thesis outlines the structural differences in solution between lithiated, 
cuprated, and magnesiated nitriles, providing the first such study of magnesiated nitriles.  
Nuclear magnetic resonance, which has become a powerful tool for a wide variety of 
structural elucidation, indicates both C- and N- binding modes for magnesium with a high 
dependence on other functionality present within the nitrile substrate.   
v 
 
Carbon-carbon bond formation by the attack of a magnesiated nitrile on an alkene 
is highly unusual.  An intramolecular carbo-magnesiation was serendipitously discovered 
that involves attack on a terminal alkene followed by addition to the nitrile to give a 
cyclobutanone.  Microwave heating greatly enhances the carbometalation process 
although the carbometalation has only been achieved in two closely related substrates.  
Insight into the mechanism was obtained although the reaction scope has not yet been 
extended to other substrates.  
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1.  Introduction 
Alkylating stabilized carbanions is one of the most fundamental carbon-carbon bond-
forming reactions in organic chemistry. Metalated nitriles
1,2
 are exceptionally well 
positioned for readily installing carbon-carbon bonds in highly hindered environments 
because the small size of the nitrile group allows the formation of highly congested 
quaternary centers.
3
 The extensive use of metalated nitriles in synthesis has spurred 
efforts to determine their structure in solution and the solid state.
4
 Knowledge of the 
structure of metalated nitriles has significantly advanced understanding the reactivity 
trends of these exceptional nucleophiles.  
Metalated nitriles, like most "carbanions," are usually complex organometallic 
aggregates.
5
   Although metalated nitriles are often represented as free, solvent separated 
ion pairs 2a (Scheme 1), these structures are seldom generated except in highly polar 
media.
6
  Deprotonating an alkyl nitrile 1 affords a carbanion 2a (Scheme 1) that, 
according to resonance theory, has a contribution from an sp
2
 hybridized "metal 
keteniminate" 2b (Scheme 1). Structural probes are inconsistent with structure 2b, 
 
Scheme 1. Structures adopted by metalated nitriles. 
  
2 
 
presumably because the powerful inductive stabilization
7
 of the nitrile group more 
effectively stabilizes the negative electron density than through the delocalization implied 
in 2b. 
Crystallographic investigations show that metalated nitriles are best represented as 
inductively stabilized organometallics with minimal delocalization of the negative charge 
into the C≡N bond (Scheme 1, 2c, 2d, 2e). X-ray structures consistently show minimal 
elongation of the C≡N bond with C-CN bond lengths close to that of a C=C bond.  The 
short C-CN bond is best explained as the result of an electrostatic contraction between the 
formally anionic carbon and the adjacent electron withdrawing nitrile (Scheme 1, 2c).    
Inductive stabilization of metalated nitriles creates two potential metal coordination 
sites: C-metalation at the formally anionic carbon, and N-metalation at the nitrile nitrogen 
(Scheme 1, 2d and 2e, respectively). In general, lithium cations exert a profound 
preference for N-lithiation in the solid state
8
 and in solution.
9
 Transition metal counter 
ions show an almost equal propensity for C- and N-coordination that correlates with C-
metalation favoring covalent bonding and an ionic interaction favoring N-metalation.
10
 
Less information is available for metalated nitriles with sodium, magnesium, and zinc 
counter ions, although current evidence suggests that sodium prefers N-metalation while 
magnesium
11
 and zinc
12
 prefer C-metalation.
13
 
X-ray
4
 crystallographic analyses reveal that deprotonated nitriles exhibit minimal 
delocalization into the nitrile group.  Crystal structures of neutral alkanenitriles have a 
mean CN bond length of 1.14 Å which is remarkably similar to the 1.15-1.20 Å range of 
CN bond lengths observed for metalated nitriles.  The modest CN bond lengthening 
implies minimal delocalization into the CN bond.14 The shortening of the adjacent C-
3 
 
CN bond to 1.36-1.40 Å, close to that typically found in benzene derivatives (1.38 Å), 
15
  
reflects a strong electrostatic contraction between the “anion” and the electron 
withdrawing CN group. The apparent preference of the central carbon to maintain a bond 
order greater than four perhaps explains the reluctance against adopting 2d and 2e as 
general structures of metalated nitriles. 
 
Figure 1. Partial structures of N- and C- metalated 
nitriles 
  
The combination of two different metal coordination sites and inductive stablization 
permit a range of geometries, for metalated nitriles.  The geometry is conveniently 
monitored by comparing the deformation angles
16
 at the formally anionic carbon.  N-
metalated nitriles span a range from planar (Fig. 1, 3) to partially pyramidal (Fig. 1, 4) to 
tetrahedral (Fig. 1, 5) geometries. The pyramidalization of N-metalated nitriles is 
reproduced in numerous molecular modeling calculations
16,17
 and reflects the inductive 
stabilization which does not require planarity.  X-ray structures of C-metalated nitriles 
necessarily have geometries close to pyramidal by definition (Figure 1, See structure 5). 
 
 
4 
 
  
1.1. N-Lithiated Nitriles 
The crystallographic structures of lithiated nitriles are all remarkably similar (Table 
1).  Lithiated nitriles preferentially co-ordinate to two lithium atoms in a four membered 
ring dimer (Table 1, Entries 1-4).  In these dimeric structures both lithium atoms 
coordinate to two additional heteroatoms, usually from the solvent, so that each lithium is 
tetra-coordinate (Table 1, Entries 1-3).  Lithiated nitriles coordinate to the nitrile nitrogen 
in all structures except in a cyclopropane (Table 1, Entry 6).  Unlike most lithiated 
nitriles, the cyclopropylnitrile forms an N- and C-lithiated oligomeric structure.  Each 
lithium is bound to carbon and nitrogen atoms forming a structure with alternating 4- and 
8-membered rings.  This coordination is likely caused by the high preference for 
cyclopropanes to maintain large bond angles because of the unusual bonding of the 
Walsh orbitals.  Perhaps to accommodate an additional side-on interaction with the 
second lithium atom, the CCN unit is bent to a greater extent (173°) than in N-lithiated 
nitrile structures. Despite these irregularities the CN bond exhibits minimal elongation 
(1.18 Å).
18
   
12-crown-4 ether complexed lithio-phenylacetonitrile 10 adopts a structure with only 
one lithium bound to the nitrile nitrogen.  Complexation of lithium within the ether cavity 
prevents the typical dimeric structure from forming because of co-ordination with the 
four oxygens of the crown ether.  The C-CN unit is close to linear in all the nitriles and 
there is a close similarity in bond lengths for both N- and C- lithiated nitrile structures.  
The non-deprotonated nitrile (Table 1, Entry 4) provides a good reference point as the 
complexation appears to help contraction of the C-CN bond.  
5 
 
 
Table 1. Bond lengths (Å) and angles (°) for selected N-lithiated nitriles. 
Entry Lithiated nitrile C-CN 
(Å) 
-C≡N 
(Å) 
 
Li-N 
(Å) 
CCN 
(°) 
1
19 
 
1.38 1.15 2.04 178.4 
2
20
 
 
1.38 1.17 2.03 179.5 
3
21
 
 
1.36 
1.40 
1.18 
2.02 
2.07 
179.0 
178.6 
4
22
 
 
1.47 1.14 
2.02 
2.05 
179.5 
5
23
 
 
1.36 1.17 1.95 - 
6
8
 
 
1.40 1.18 2.02 172.6 
 
6 
 
 Metalated nitriles bearing aromatic substituents exhibit a pronounced preference for 
having the C-C≡N unit coplanar with the aromatic ring (Table 1, Entries 1-3).  In 
structures 6-8 and 10, the planar anion is stabilized through resonance to the phenyl ring 
rather than the nitrile.  The CC(CN) bond angle deviates modestly from the ideal for an 
sp
2
 hybridized carbon; the bond angle of 124.5° partially relieves the steric strain with the 
in-plane aromatic ring. Even in lithiated diphenylacetonitrile 14 (Table 2, Entry 3) the 
phenyl rings exhibit a preference for an almost planar alignment with the metalated 
nitrile, with only modest tilting of the aromatic rings to minimize peri-interactions. 
The coordination of lithium in a dimer with two additional ligands is maintained in 
lithiated phenylacetonitrile complexed with diisopropylamide (Table 1, Entry 2).  In this 
case and the lithium complexed neutral nitrile
9c
 9 the nitrogen of the amide acts as a 
ligand. The two lithiums coordinate at angles of 81-89º relative to the plane of the two 
alkyl substituents, whether this bidentate co-ordination implies some ketenimine 
character or whether this is the result of crystal packing forces is unknown.  
 
Table 2.  Selected bond lengths, angles and 
13
C NMR chemical shifts for N-
lithiated nitriles 
Entry Lithiated nitrile C-CN 
(Å) 
-C≡N 
(Å) 
Li-N 
(Å) 
CCN 
(°) 
C≡N 
(PPM) 
C-C≡N 
(PPM) 
1
24
 
 
1.38 1.16 2.12 177.9 126.93 38.04 
2
24
 
 
1.39 1.16 2.00 178.9 128.46 26.81 
7 
 
3
21
 
 
1.38 
1.40 
1.18 
2.03 
2.06 
178.6 
179.0 
139.8 54.0 
4
25
 
 
1.33 
1.36 
1.17 
2.01 
2.02 
174.1 
176.0 
140.82 -3.19 
5
14
 
 
1.37 1.17 
1.99 
2.06 
177.0 
142.1 
138.5
a
 
66.0 
6
14
 
 
1.36 
1.37 
1.18 
1.20 
2.03 
2.09 
179.1 
179.3 
144.8 
154.5
b
 
70.9 
69.3
b
 
a. at -80°C, b for 4-OMePh-C-CN 
 
 
Insight into the structure of lithiated nitriles is obtained by comparing crystal 
structures with 
13
C NMR measurements of the same lithiated nitrile in solution (Table 3).  
The chemical shifts fall into two distinct groups; metalated nitriles with an electron 
withdrawing group have δ= 126-129 for the nitrile carbon (Table 2, Entries 1 and 2) and 
N-lithiated nitriles devoid of strong electron withdrawing groups (Table 2, Entries 3-6) 
have resonances for the nitrile carbon between δ = 140-160 ppm. For reference, the 
neutral species resonate at δ = 115-120 ppm.14, 21, 25  
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Table 3. Selected NMR data for lithiated acetonitriles and phenylacetonitriles 
Entry Lithiated nitrile C≡N 
(PPM) 
C-C≡N 
(PPM) 
 
HC-C≡N 
(PPM) 
 
1
26
 
 
147.0
c
 
149.7
d
 
152.7
e
 
- 4.05
a
 
2
9
 
 
148.5 -6.1 0.4 
3
9
 
 
155.3 -2.5 
0.3 
1.15
a,b
 
4
9
 
 
149.5 -7.2 0.6 
59 
 
157.3 -1.9 0.4 
a. In DMSO  b. without amino ether ligand c. (2 Equiv. THF) in toluene d. 1:1 THF: 
Toluene e. (1 Equiv. TMEDA) in toluene  
 
Monitoring the titration of HMPA into a solution of lithiated phenylacetonitrile leads 
first to a mono-lithiated nitrile with one equivalent of HMPA.  With two or more 
equivalents of HMPA, a mixture of monomeric and solvent separated nitrile ion pairs is 
9 
 
generated.9
b,
6  The solvent separated ion pair, which also forms in DMSO solutions, has 
only minimal delocalization into the nitrile but extensive delocalization into the aromatic 
system.7
b
  Adding bidentate ligands to the metal center can also change the lithiation 
mode from N- to C-metalation (Table 3, compare entries 2 and 3).9 
Lithiated phenylacetonitriles have 
13
C NMR chemical shifts for the nitrile carbon 
from δ= 147-153 ppm depending on the solvent.  7Li-15N coupling experiments have 
demonstrated N-lithiation in solution.  Related 
6
Li-
1
H HOESY experiments with 19 and 
20 (Table 3, Entries 2 and 3) show that lithiated nitriles are fluxional in solution, 
interconverting between the C-metalated structure 19 with both C- and N- lithium 
coordination to the N-lithiated structure 20.  This fluxional behavior is solvent specific 
with N-lithiation predominating with amino ether ligands in THF solutions of 
lithioacetonitrile.  In Et2O a mixture of N- and C- lithiated structures exist.  The C-
lithiated structure 19 has strong 
6
Li-
1
H HOESY cross peaks for the hydrogens on the 
nitrile bearing carbon. Comparing the 
13
C NMR chemical shifts of the nitrile carbon in 
the pair 19/20, reveals the N-lithiated nitrile 20 to have a larger downfield shifts relative 
to the C-lithiated counterpart 19.  
The survey of metalated nitrile solid state structures reveals several unusual bonding 
trends. Lithiated nitriles co-ordinate to the nitrile nitrogen in dimeric, 4-coordinate 
aggregrates with two lithium atoms bound to each nitrogen. Remarkably there is minimal 
delocalization of negative electron density into the CN bond.  The structures are best 
envisaged as being inductively stabilized by the nitrile group.  Similar structures persist 
in solution, although solvent and ligands can change the inherent preference for N-
lithiation. 
10 
 
1.2. Metalated Nitriles Co-ordinated to Transition Metals 
The rich structural diversity of transition metals is reflected in the structures of 
metalated nitriles co-ordinated to transition metals (Table 4).  Transition metals bind to 
formal nitrile anions through; the nitrile nitrogen (Table 4, Entries 5 and 6), the formally 
anionic carbon (Table 4, Entries 1-4), through a side on η2-C,N π-interaction with the 
nitrile (Table 4, Entry 7), and bridging of one formally anionic carbon to two metals 
(Table 4, Entry 8).   
Typically, late, low valent transition metals prefer coordination to carbon (Tables 4 
and 5). Moderating the ligand or the metal oxidation state exerts a pronounced influence 
on the site of coordination in metalated nitriles.  Palladium (II) associates with 
deprotonated alkanenitriles through C-metalation but increasing the steric demand of the 
ligand can override this preference to favor coordination to the nitrile nitrogen (Table 4, 
compare entries 1 and 2). The C≡N bond is shorter (1.16Å) in the C-palladated nitrile 23 
whereas the C-CN bond is elongated (1.45Å) in the N-palladated nitrile 24 (Table 4, 
Entries 1 and 2).  The N-coordinated tris(pyrazoyl)borate palladium complex 36 can be 
thermally isomerized from N- to C-coordinated
27,10b
 (Table 5, Entries 5, 6) consistent 
with the inherent stability of C-palladated nitriles.  In some cases these complexes are 
surprisingly stable in air.
38
  
For C- metalated nitriles the M-C-CN bond angles are close to tetrahedral.  The slight 
variation (105-114°) likely represents minimization of steric interactions within the metal 
complex. Metalated malononitriles, sulfonyl-acetonitriles, and cyanoacetates are 
exclusively N-metalated as the negative charge becomes less localized on the nitrile 
bearing carbon (Table 4, entries 5 and 6 and Table 5, entry 7).
28
  
11 
 
Table 4. Selected bond lengths (Å) and angles (°) for transition 
metalated nitriles 
Entry Lithiated nitrile 
C-CN, 
- C≡N 
(Å) 
 
M-C(CN) 
(Å) 
M-C-
CN 
(°) 
1
29
 
 
1.45,  
1.16 
2.17 105.9 
2
29a
 
 
1.35, 
 1.20 
2.07
a
 - 
3
30 
 
1.44,  
1.15 
2.04 114.0 
4
31
 
 
1.44,  
1.13-1.14 
- 
112.7, 
113.4 
5
10g
 
 
1.30, 
1.18 
2.09
 a
 164
 b
 
6
32
 
 
1.40,  
1.14 
 
2.11
 a
 179.2 
b
 
12 
 
7
33
 
 
1.41, 
1.22 
2.06, 
2.21
c
 
145.5, 
120.1
d
 
8
34
 
 
1.43, 
1.15 
- 110.0
e
 
a. M-NC Bond length b. M-N≡C bond angle c. Ru-CN, Ru-N (Å) d. N-C-C, 
(NC)-C=C e. for H-C-(CN)  
 
Despite the extensive use of copper in organic chemistry there is limited NMR and 
crystallographic data for cuprated nitriles. Current evidence strongly points to a C-
cuprated nitrile structure in solution.  IR measurements of C-bound cuprated nitriles 
indicate the CN bond is like that of a neutral nitrile.
35
  The copper bound malondinitrile 
41 exhibits an NMR resonance for the nitrile carbon at δ= 137.8 ppm, at the high end of 
the range for C-metalation (Table 5, Entry 11). Cuprated nitriles bearing additional 
electron withdrawing groups such as methanetricarbonitrile and cyanoacetates result in 
coordination to the nitrile nitrogen because of increased charge dispersion.
36
   The most 
common binding modes for copper to neutral nitriles are through the nitrogen or through 
side on interactions with the π-system.37   
 
 
 
13 
 
Table 5. Selected bond lengths (Å), angles (°), and 
13
C and 
1
H NMR data (PPM) 
 for transition metalated nitriles 
Entry Metalated 
nitrile 
C-CN, 
-C≡N 
(Å) 
M-
C(CN) 
(Å) 
M-C-
CN 
(°) 
-C≡N 
(PPM) 
C-C≡N 
(PPM) 
C-
C≡N 
(PPM) 
1
38
 
 
1.43, 
1.13 
-1.14 
2.11 
-2.12 
111.6 
-
115.1 
128.5 26.81 
2.32 
2.34
a
 
2
39
 
 
1.44, 
1.16 
2.09 105.1 - - 2.0 
3
40
 
 
1.44, 
1.16 
2.06 104.5 
123.5, 
128.1
b
 
24.5
 b
 
.65, 
1.45
b
 
4
29
 
 
1.44, 
1.15 
2.00, 
2.11
c
 
103.1 
157.8
d
 
128.8 25.66 - 
5
27
 
 
1.44, 
1.16 
2.09 105.1 124.6 14.1 4.19 
14 
 
6
27
 
 
1.41, 
1.16 
2.00 - 136.2 51.0 4.29 
7
41
 
 
1.45, 
1.17 
2.17 
171.9
d
 
143.7 58.7 - 
8
42
 
 
1.45 
1.15 
2.01 107.0 115.9 8.5 
1.02 
2.53
e
 
9
43
 
 
1.43, 
1.14 
1.99 116.6  - 0.27 
10
44
 
 
- - - 
122.6 
-126.5 
9.0 
-16.4 
1.55 
-2.83 
11
45
 
 
- - - 137.8 - - 
a. For the analogous nickel complex  b.  For PPh3 displacement of the oligomeric 
Pd-N bond   c. For Pd-N d.  For Pd-N≡C e. after reduction to Ni-H 
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Metalated nitriles in which a transition metal is coordinated to the nucleophilic carbon 
exhibit 
13
C chemical shifts for the nitrile carbon in the range δ=103-139 ppm, a marginal 
shift relative to the neutral species. The corresponding N-metalated nitriles have 
resonances for the nitrile carbon in the range δ=136-172 ppm.  Consistent with the 
covalent nature of the C-metalated nitrile, the chemical shifts of the protons H-CCN in 
the 
1
H NMR spectra are very similar to those of the corresponding neutral nitrile.   
 
1.3. Reactions of Magnesiated Nitriles 
Metalated nitriles exhibit distinctly different regio- and stereoselectivities depending 
on the site at which the metal coordinates: the nitrile nitrogen or the formally anionic 
carbon. Lithiated nitriles, the species most often employed in synthetic reactions, are 
typically generated by deprotonating alkylnitriles with LDA or related lithium amide 
bases.  Lithiated nitriles almost always have lithium coordinated to the nitrile nitrogen.  
Despite their synthetic utility, magnesiated and cuprated nitriles have not been 
systematically investigated by NMR or crystallography, but both appear to have the metal 
bound to the nucleophilic carbon.  Magnesiated nitriles are efficiently generated by 
deprotonation, sulfinyl metal exchange
46
, halogen metal exchange
47
, and conjugate 
addition to unsaturated nitriles.
48
 
Magnesium forms a more covalent bond with carbon than lithium, which in part 
explains the inherent preference of magnesiated nitriles for C-metalation. The bonding 
differences manifest in different racemization rates in metalated cyclopropyl nitriles.   
Forming the metalated nitrile by bromine metal exchange and then trapping with 
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deuterium occurs with high configurational retention for the magnesiated nitrile whereas 
the corresponding lithiated nitrile rapidly racemizes.
49
     
Reactivity differences between metalated nitriles often correlate with the site of metal 
coordination.  For example, in palladated nitriles the C-metallated species undergoes 
reductive elimination much faster (>1h) and more completely (73-99%) than comparable 
N-bound species (12-60 h, 50-69%), (see Table 4, entries 1 and 2). Alkylations of the 
cyclic nitriles 42a and 42b (Scheme 2) demonstrate the stereo- and regio- reactivity 
differences between lithiated, magnesiated, and cuprated nitriles.  N-lithiated nitrile 43a  
 
Scheme 2. Reactions of lithiated, cuprated, and magnesiated 
cyclohexanecarbonitriles. 
 
 
 (Scheme 2) alkylates propargyl bromide through an SN2 displacement affording 
alkynenitrile 44a. The analogous C-cuprated nitrile 45a reacts with propargyl bromide to 
give the allenylnitrile 44b.
11b  
The cuprated nitrile 45a exhibits a regiochemical 
preference typical of copper complexed to π-systems. 
 
The stereoselectivity of some metalated nitrile alkylations is controlled by the 
nature of the metal (Scheme 3).  The difference is seen in methylations of the 
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conformationally constrained C-magnesiated 45b and the corresponding N-lithiated 
nitrile 43b. Alkylating the lithiated nitrile 43b with MeI is only modestly 
diastereoselective, with a preference for equatorial methylation affording 44c in a 2.8:1 
ratio (86%).
50
  Under otherwise identical conditions, alkylation of the putative C-
magnesiated nitrile 45b affords 44c exclusively.
11a
  
 
Scheme 3. Divergent reactivity between lithiated and magnesiated cyclohexanecarbonitriles 
 
 
Magnesium and lithium counterions direct stereodivergent cyclizations of γ-
hydroxynitriles to decalins and bicylo[5.4.0]undecanes.  Preferential cyclization of the 
magnesiated nitrile 47 (Scheme 3) to the cis- decalin 48 (n=1) and the undecane 48 (n=2) 
is due to the formation of a chiral-at-carbon magnesiated nitrile 47 that attacks the C-Cl 
σ* orbital with retention of configuration.  The N-lithiated nitrile 49 favors a 
conformation with an axial nitrile because of a favorable coordination between the 
alkoxide lithium and the electron rich π-system on the nitrile.  The chelation generates an 
anionic sp
3
 carbanion to which the nucleophilic orbital has an equatorial orientation that 
favors cyclization exclusively to the trans-decalin 50 (n=1) and the trans-undecane 50 
(n=2).
51
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Scheme 4. Divergent reactivity between lithiated and 
magnesiated γ-hydroxynitriles 
 
 
The reactivity preferences of magnesiated and lithiated nitriles are clearly different.  
Direct reactivity comparisons between comparable lithiated and magnesiated nitriles are 
consistent with coordination of magnesium to carbon and lithium to nitrogen.  Structural 
studies are required to correlate the structure of magnesiated nitriles with their reactivity. 
 
1.4. Reactions of Nitriles with Olefins 
A highly unusual carbometalation-alkylation of a C-metalated nitrile was 
serendipitously discovered during a 1,2- 1,4- addition to oxonitrile 51 (Eq. 1).
52
 
Sequential addition of MeMgCl and 3-butenylmagnesium bromide to oxonitrile 51 
affords, in addition to 64% of the anticipated nitrile 52, 15% of the highly unusual ketone 
53 (Eq. 1).  Mechanistically, the ketone 53 is presumed to arise through a highly unusual 
carbometalation of the terminal alkene by a C-metalated nitrile  
 
Equation 1. Addition-cyclization of a magnesiated nitrile 
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Related alkylations of nitriles with activated alkenes and alkynes require solvent 
separated nitrile anions,
53
 highly polar solvents (DMF, DMPU, HMPA),
54
 and K
55
 and 
Cs
56
 cations (Table 6).
57
  The base can be used catalytically (Table 6, Entries 3-6) in these 
reactions as the resulting organometallic is sufficiently basic to further metalate the 
parent nitrile.  While metalated nitriles can undergo addition to alkenes, these alkylations 
proceed best when either a well stabilized nitrile anion (Table 6, entry 3), an activated 
alkene (Entries 1,2,4,5,7, and 8), or alkyne (Entries 3 and 6) are employed as the 
electrophile.  Alkylations of C-metalated nitriles with unactivated alkenes are 
unprecedented.  
Table 6. Reactions of metalated nitriles with alkenes 
Entry Reaction Yield (%) 
1
57c
 
 
 
23-46 
2
57b
 
 
 
32-60 
3
58
 
 
79 
4
59
 
 
63-80 
20 
 
 
5
56b
 
 
 
74-91 
6
56
 
 
41-83 
7
55b
 
 
 
65-86 
8
53
 
 
61-75 
 
One plausible mechanistic explanation for the formation of the cyclobutanone 53 
is that the metalated nitrile is converted to the corresponding radical 67 (Scheme 5).  
Nitrile stabilized radicals are exceptionally stable
60
 and can be generated from metalated 
nitriles by single electron transfer.
61
  
Radicals have been implicated in alkylations via SRN1 mechanisms.
62
  For nitrile 
radicals, this process is accentuated by the strong coordination of magnesium radical 
cations (Mg
.+
) to nitriles
63
 and the high stabilization of nitrile radicals.
64
 In the 
carbocyclization reaction of the magnesiated nitrile 66, homolytic cleavage of the carbon-
magnesium bond would create a nitrile stabilized radical which can add to the terminal 
olefin to give the primary alkyl radical 68 (Scheme 5).  This radical might recombine 
with magnesium halide radical cation to form 69 or undergo direct radical addition to the 
nitrile group to form an imine radical.  Alternatively, cyclization of 69 would afford 70 
which ultimately would form the tricyclic ketone 53 after hydrolysis. 
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Scheme 5. Generation of a nitrile stabilized radical by homolytic cleavage of 
a magnesiated nitrile 
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2. Discussion – Part I 
2.1.  Background 
Magnesiated nitriles are fantastic nucleophiles, undergoing additions to a wide array 
of electrophiles.  The reactions of magnesiated nitriles are consistent with forming a C-
metalated species in solution.  NMR provides an excellent tool to monitor the metal 
coordination site in metalated nitriles with long range coupling experiments being used to 
deduce the structure of lithiated nitriles.  An analogous investigation of magnesiated and 
cuprated nitriles to determine the binding site preferences of each metal would provide 
valuable structural insight of potential use in understanding the alkylations of 
magnesiated nitriles.   
 
2.2. Metalated Benzylic Nitriles 
Solution NMR analyses of metalated nitriles have featured phenylacetonitrile 
derivatives because of their facile deprotonation with metal amides and organometallic 
bases.
19,20,21,26
  Although Grignard reagents both add to and deprotonate most 
alkylnitriles, magnesiated phenylacetonitrile is readily prepared by addition of iPrMgCl 
because the phenyl substitution significantly accentuates the acidity of the methylene 
protons.  Performing the deprotonation at -20 °C improves the solubility of magnesio-
phenylacetonitrile 68, allowing for faster acquisition times in NMR studies.   
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Equation 2. Direct deprotonation of phenylacetonitrile 
 
 
Deprotonating phenylacetonitrile with iPrMgCl affords a homogeneous solution 
of the magnesiated nitrile 67 or 68.  The 
13
C NMR spectrum at -20°C shows one aliphatic 
resonance at δ=31.3 ppm and five resonances between δ= 113-148 ppm (Figure 2.)  
Comparing the 
13
C NMR chemical shifts of 67/68 with those of lithiated 
phenylacetonitrile indicate very similar chemical shifts for all of the carbons (Table 7).  
The very close correspondence of the 
13
C NMR resonances strongly implies that 
magnesiated phenyl acetonitrile has the same structural features.  The 
13
C NMR chemical 
shift of the nitrile carbon of 68 at δ=147.55 ppm, suggests coordination of magnesium to 
the nitrile nitrogen.   
Figure 2. Partial 
13
C NMR spectrum of magnesio-phenylacetonitrile 
 
 
HETCOR of 68 shows no couplings to any protons, consistent with N-
magnesiation.  A weak coupling of the resonance at δ=128.1 ppm to an aromatic proton 
identifies the formally anionic carbon.  In a HETCOR experiment the signal at δ= 128.1 
24 
 
ppm is correlated with the methine hydrogen at δ ≈ 2.73 ppm (Δδ≈1 from neutral).  
Furthermore, the signal at δ= 31.3 ppm is coupled with the attached hydrogen with 1JCH 
of 162 Hz, characteristic of sp
2
 hybridization.
65
   
 
Table 7. 
13
C and 
1
H NMR chemical shifts for lithio- and magnesio- 
phenylacetonitrile 
 
Signal (PPM) 68 (M = Li) 68 (M = Mg) 
13
C C≡N 147-152.7 147.6 
13
C C-C≡N - 31.3 
1
H HC-C≡N 4.05
a
 2.73
b
 
a. In DMSO  b. By cross peak analysis of the HETCOR spectrum 
 
Co-ordination of magnesium to the nitrile nitrogen of 68 was not anticipated 
because the reactions of magnesiated alkaneitriles indicate coordination of magnesium to 
carbon.  Possibly the adjacent phenyl ring favors N-coordination because of a strong 
delocalization of the adjacent charge.  From a design perspective, the aromatic ring 
allows facile deprotonation and a direct comparison of chemical shifts with known 
lithiated nitriles.   
2-Methoxyphenylacetonitrile 69 was selected as a substrate for additional NMR 
analysis with the expectation that heteroatom substitution proximal to the metalated 
nitrile would serve as a ligand for the metal center and promote C-metalation (Eq. 3)  2-
methoxyphenylacetonitrile was readily deprotonated with either butyl lithium or 
isopropyl magnesium chloride.  The corresponding cuprated nitrile, 70 (M = Cu), was 
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cleanly prepared by transmetalating the lithiated or magnesiated nitrile with copper (I) 
halide salts.  A single copper species 70 (M = Cu) is obtained.
66
  
Equation 3. Direct deprotonation of 2-methoxyphenyl acetonitrile 
  
Solutions of 70/71 (M = Li) in THF and Et2O are readily prepared by titrating the 
nitrile 69 with concentrated 
6
Li-labeled, butyllithium at -78 °C.  
6
Li and 
1
H NMR were 
used to check that the deprotonation was complete and avoid the addition of excess base.  
Using BuLi isotopically enriched in 
6
Li, a nucleus with spin ½, allows for 
6
Li NMR 
acquisition with sensitivity similar to 
1
H spectra.  The 
6
Li spectrum of 70/71 (M = Li) has 
a single resonance, suggesting that either a monomeric or highly symmetrical dimer is the 
dominant species in solution.   The 
6
Li-
1
H HOESY experiment shows no cross peaks 
between the lithium and any of the hydrogens, consistent with an N-lithiated structure 71 
(M = Li).  
Titrating 
6
LiBu (See Figure 4) into a THF solution of 69 generates a 
1
H spectrum 
that clearly shows the disappearance of the signal at δ=3.70 ppm corresponding to the 
acidic aliphatic hydrogens (2H).  Concurrently a new resonance appears at δ=2.86 ppm 
(1H) which corresponds to the hydrogen of the “anionic” carbon.  
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Figure 3. Selected portion of 
1
H NMR spectrum for the additions of Bu
6
Li to 69 
 
a. 69 in THF b. After addition of 0.35 equiv. of 
6
LiBu c.  After 
addition of 0.7 equiv. of 
6
LiBu d.  After addition of  1.0 equiv. of 
6
LiBu  
 
The 
1
H NMR resonance at δ= 2.86 ppm for the anionic carbon of 71 (M = Li) 
allowed assignments from HSQC and HMBC experiments to locate the nitrile and nitrile 
bearing carbons in the 
13
C NMR spectrum.  A strong, single bond correlation exists 
between the methine hydrogen at δ= 2.86 ppm and the 13C resonance at δ= 26.1 ppm  
 identifying the metalated carbon.  The most downfield signals at δ = 139.3, 142.1, and 
150.5 ppm have no single bond correlations and appear as singlets in the coupled 
13
C 
NMR spectrum.  Determining which of these three quaternary centers is the nitrile carbon 
is achieved by examining longer range couplings ( 
2
JHCC and 
3
JHCCC) between the methine 
1
H and the 
13C resonance at δ=142.1 ppm.  The quaternary, aromatic carbon at δ = 139.3 
ppm couples to both the methine and to several aromatic protons identifying this as the 
carbon bound to the acetonitrile group.  This coupling pattern isolates the nitrile carbon at 
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δ = 142.1 ppm which, as expected, has only a single cross peak to the proton of the 
“anionic” carbon.    
While titrating 69 with 
6
LiBu is an excellent method for rapidly preparing the 
lithiated nitrile 71 (M = Li), the formation of cuprated nitriles is more challenging 
because the addition of copper (I) bromide or iodide to the lithiated nitrile 71 (M = Li) 
generates slurries.  Fortunately centrifugation of the slurry affords a clear solution of 
70/71 (M = Cu).   The solution is suitable for 
13
C NMR analysis, although cuprate 
formation in non-deuterated THF necessitates unlocked NMR acquisition.   The 
13
C 
NMR spectrum of 70/71 (M = Cu)is vastly different than that of 71 (M = Li) (Fig. 8).  
The largest chemical shift changes are seen for the nitrile carbon and the aromatic carbon 
adjacent to the anionic center.  The upfield shift of the nucleophilic carbon of is 
consistent with coordination of the metal to the nucleophilic carbon, 70 (M = Cu). 
Determining the chemical shift of the formally anionic carbon is difficult because 
of the large number of signals from hexanes and butane that appear in the same region.  
Unlike both 71 (M = Li) and 70/71 (M = Mg), the solution of 70 (M = Cu) cannot be 
evaporated to dryness and redissolved in d
8
-THF which otherwise provides a useful 
strategy for removing hexanes and butane.  Solvent suppression techniques fail to locate 
the methine hydrogen because the resonance is not sufficiently resolved from the signals 
of the solvent.  Meticulous analysis of coupling patterns in 
1
H coupled 
13
C spectra 
indicate that the most likely position of the signal for the nitrile carbon is δ=130.4 ppm.  
This resonance is much narrower and has only a single small coupling (
2
JHCC = 2.3 Hz), 
the signal at δ= 131.2 ppm which is coupled to two protons (2JHCC = 10.2 and 4.1 Hz).   
Although not all the signals were detected, the spectroscopic differences between 71 (M 
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= Li) and 70 (M = Cu) strongly support a C-cuprated structure for 70 (M = Cu).  The 
stark contrast in the NMR spectra of 71 (M = Li) and 70 (M = Cu) provides a useful 
signature of N- and C-metallation.   
 
Figure 4.  Partial 
13
C NMR spectrum of 71 (M = Li), 70 (M = Cu) and 71 (M = Mg) 
 
 
Solutions of the magnesiated nitrile 71 (M = Mg) in THF are efficiently produced 
by deprotonating 69 with commercially available Grignard reagents, typically iPrMgCl. 
Although the titration method works well, generating 71 (M = Mg) in a round bottom 
flask followed by transfer to an NMR sample tube is preferable for 71(M = Mg) because 
more material can be prepared.  Removing the solvent under vacuum directly from the 
NMR tube provides a solid that smoothly redissolves in d
8
 THF, allowing for locked 
acquisition and 
1
H NMR detection.     
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The 
1
H and 
13
C NMR spectra of 71 (M = Mg) are most similar to the analogous 
lithiated nitrile (see Fig. 5 and Table 8).  The methine proton resonance of 71 (M = Mg) 
has a 
1H chemical shift of δ = 2.98 ppm an upfield shift of 0.72 ppm from 69 and a slight  
 
Table 8. 
13
C and 
1
H NMR chemical shifts for lithio-, magnesio-, and 
cupro- 2-methoxyphenylacetonitrile 
 
Signal (PPM) 71 (M = Li) 71 (M = Mg) 70 (M = Cu) 
13
C C≡N 142.1 147.6 131.2 
13
C C-C≡N 26.1 24.8 20.0 
1
H HC-C≡N 2.85 2.98 0.9
a
 
a. By cross peak analysis of the HETCOR spectrum 
 
downfield shift (0.12 ppm) relative to 71 (M = Li).   The 
13
C chemical shift of the α-
carbon of 71 (M = Mg)  is δ = 24.8 ppm and the nitrile carbon resonates at δ = 147.6 
ppm; both resonances are closer to the N-lithiated 71 (M = Li), than the C-cuprated 70 (M 
= Cu). Analysis of HSQC and HMBC spectra show the same coupling patterns for 71 (M 
= Mg) as for 71 (M = Li), with a larger 
1
JCH (HSQC) coupling between the methine and a 
smaller 
2
JHCC (HMBC) to the nitrile and acetonitrile bearing aromatic carbons. 
Crystals of 71 (M = Mg) suitable for X-ray crystallographic analysis were grown 
from the excess solution used in NMR experiments.  All of the solvent was removed and 
then the resulting solid was redissolved in a minimum volume of THF with sonication 
and gentle heating.  The solution was refrigerated (-20 °C), and left undisturbed until 
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suitable crystals formed (Figure 6). The elevated R value, R = 0.1504, is largely caused 
by motion of the solvent, THF.  Even at 150K there is significant motion.  The disorder in  
Figure 5.  Structure of 71 (M = Mg) with selected bond lengths and angles 
 
Hydrogens and a THF molecule omitted for clarity 
Length Angle 
C1-N1 1.215Å C3-C2-C1 123.7 
C1-C2 1.367Å C2-C1-N1 171.7 
C2-C3 1.431Å C1-N1-Mg1 161.3 
N1-Mg1 2.071Å N1-Mg1-Cl1 178.1 
 
the aromatic ring is troubling because the disorder may be due to co-crystallization of 
another isomer.  In spite of this disorder, thermal ellipsoids for the acetonitrile unit are  
good and reveal a highly elongated nitrile (1.215Å), much longer than in comparable N-
metalated nitriles.  The C-CN (Fig. 6, C1-C2) bond is at the short end of the range of 
comparable N-lithiated nitriles (see Tables 1 and 2). 
The C3-C2-C1 bond angle is 123.7° (Fig. 6) at the formally anionic carbon, which 
signifies a large amount of sp
2
 character.  The nitrile unit (C2-C1-N1) has a bond angle of 
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171.7°.  The nitrile is coordinated to the magnesium with a bond angle (C1-N1-Mg) of 
161.3; intermediate between that expected for sp and sp
2
 hybridization.  A ketenimine 
structure would necessitate a much smaller bond angle (closer to 120°), than the 161.3° 
seen for the nitrile nitrogen.  The torsion angles show that the anion is parallel to the π-
system of the ring, indicating high p-character.   
The solution structures of the two magnesiated nitriles 68 (M = Mg) and 71 (M = 
Mg) exhibit spectral data consistent with coordination of magnesium to the nitrile 
nitrogen.  For 71 (M = Mg) the solution NMR  structure correlates with the solid state 
structures determined by X-ray.  In contrast solution NMR experiments indicate the 
corresponding cuprated nitrile 70 (M = Cu) has the copper coordinated to the “anionic” 
carbon.  The magnesiated nitriles, like the lithium counterparts, benefit from resonance 
stabilization of an sp
2
 hybridized “carbanion” by the aromatic system.  Copper prefers C-
metalation because copper forms strong covalent bonds that better accommodate the high 
electron density. 
  
2.3. Metalated Alkylnitriles 
Alkylations of magnesiated and lithiated cyclohexanecarbonitrile show stark 
reactivity differences.  The well documented coordination of lithium to the nitrile 
nitrogen in lithiated nitriles implies that magnesiated nitriles are bound to carbon
46,67
 
although NMR and crystallographic studies indicate that aryl acetonitriles preferentially 
adopt N-magnesiated structures in solution and in the solid state.  NMR analysis of 
comparable lithiated and magnesiated alkylnitriles devoid of an adjacent aromatic group 
would resolve this ambiguity.   
32 
 
An excellent procedure for preparing metalated nitriles is through bromine-
magnesium exchange.
11b
  Addition of iPrMgCl to a bromonitrile rapidly generates a 
magnesiated nitrile and an equivalent of iPrBr.  Although iPrBr can alkylate the 
magnesiated nitrile, the alkylation is relatively slow and rarely complicates alkylation 
reactions.  Unfortunately, in the absence of an electrophile alkylation with iPrBr does 
occur during NMR analysis.  In addition decomposition products attributable to the 
presence of the secondary bromide tend to dominate the 
13
C NMR spectra because the 
acquisition times are often far longer than alkylation procedures.  Employing an aryl 
Grignard reagent in the exchange affords a bromoarene that is inert toward the 
magnesiated nitrile.  MesMgBr is an ideal reagent for the bromine magnesium exchange 
because the exchange is rapid and no nucleophilic attack on the nitrile is observed 
(Equation 4). 
Equation 4. Bromine-magnesium exchange with 42b 
  
 Titrating neat 42b into a -35 °C, THF solution of MesMgBr  in a sealed NMR tube 
efficiently generates 72 (Figure 6).  The nitrile carbon has a 
13
C NMR chemical shift of 
δ=126.6 ppm, a modest downfield shift from the 13C NMR signal for the nitrile carbon in 
the neutral bromonitrile (δ=119.4 ppm).   
The region upfield of δ = 70 ppm has numerous signals from MesBr and the 
cyclohexane ring.  In contrast the region downfield from 80 ppm has well resolved 
signals.  The main signals in the downfield region are the nitrile carbon, the aromatic 
resonances of mesityl bromide 73 (Fig. 7, d, δ=123.7, 128.9, 136.1, and 137.2 ppm), and 
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unreacted  bromonitrile 42b (Fig. 7, a.).  The nitrile carbon of 72 is close to the chemical 
shift of a resonance of MesMgBr (Fig. 7, c) although readily assigned to the signal at 
δ=126.6 ppm. 
Figure 6.  Stacked 
13
C NMR spectra for the bromine-magnesium exchange to 72 
 
a. 42b b.  72 c. MesMgBr  d. MesBr (73) 
 
Adding two equivalents of the potential chelating ligands DME, TMEDA, or 
DMPU
68
 does not significantly change the 
13
C NMR spectrum of 72 (Fig. 7).  None of 
these solvents induce major structural changes; only small chemical shift changes (<0.05 
ppm) are observed for the nitrile carbon.  
Attempts to crystallize 72 for X-ray diffraction afford only [1,1'bi(cyclohexane)]-1,1'-
dicarbonitrile, presumably through radical coupling.  The dimer is not the species seen in 
solution as the NMR samples rapidly react with D2O and MeI in the NMR tube to give 
the respective deuterated and methylated nitriles.  
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Figure 7. Solvent effects in the 
13
C NMR spectra of 72 
 
a. 72 in THF b.  72  (2 equiv. DME) c. 72  (2 equiv. TMEDA)  d. 72  (2 
equiv. DMPU) 
 
The corresponding cuprated nitrile 45a can be generated by treating 42b with, lithium 
dimethylcopper, LiCuMe2 (Eq. 5). This 2:1 THF:Et2O solution of 9a gives a 
homogeneous sample that shows a chemical shift for the nitrile carbon at δ=123.5 ppm. 
The C-cuprated nitrile 45a exhibits a 
13
C NMR resonance that is modestly shifted from 
that of the neutral nitrile.  The 
1
H coupled 
13
C NMR spectrum reveals that the signal 
attributable to the α-carbon is either δ= 26.8 or 24.7 ppm, as only these signals show 
coupling to a 3/2 spin nuclei. 
 
Equation 5. Bromine-copper exchange with 42b 
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The lithiated nitrile 43a was generated by deprotonating 42a with LDA (Equation 6).  
The use of reagent grade BuLi (2.0M in hexanes), instead of neat 
6
Li labeled BuLi, 
generates solutions of the lithiated nitrile sufficient for 
13
C NMR analysis.  
1
H and 
6
Li 
spectra were not recorded because of the use of natural abundance solvents and reagents.  
Attempts to remove the solvent under vacuum with mild heating generated an insoluble  
Equation 6. Deprotonation of 42a with LDA 
 
tar.  The inability to efficiently remove solvent hampered efforts to determine the 
chemical shift of the nitrile bearing carbon.  However, the nitrile carbon clearly shows a 
broad signal further downfield at δ=163.5 ppm.  The same line broadening is seen in 71 
(M = Li) with natural abundance lithium and in 71 (M = Mg) and is likely a product of 
spin coupling to the metal centers.  The large chemical shift difference of the nitrile 
carbons in the lithiated nitrile 43a, the magnesiated nitrile 72, and the cuprated nitrile 45a 
is consistent with N-lithiation for the lithiated nitrile 43a and C-metalation for 
magnesiated nitrile 72 and cuprated nitrile 45a.  
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Figure 8. Cation effects in 
13
C NMR spectra of metalated 
cyclohexanecarbonitrile 
 
a. 72 in THF  b. 45a in 2:1 THF:Et2O c. 43a in THF 
 
2.4. Phenylthioalkylnitriles 
A new strategy for accessing lithiated nitriles was recently discovered.  The strategy 
involves adding an organometallic to a thionitrile such as 74 to generate the anion 75 or 
43a.  The related metal exchange is rapid with both sulfinyl and sulfonyl nitriles giving 
the metalated nitrile in less than 5 minutes after addition of the organometallic.  The 
lower oxidation state of sulfur in the sulfide 74 does not allow exchange after prolonged 
exposure (>12h) to iPrMgCl even at room temperature.  Titrating 74 with reagent grade 
BuLi at -40 °C and monitoring the reaction by NMR, indicates that a new complex forms.  
The 
13
C NMR spectrum of the lithiated nitrile 43a is distinctly different from that of 75.  
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Equation 7.  Treatment of sulfide 74 with BuLi 
  
Presumably an interaction between BuLi and the sulfur d- orbital brings the butyl, phenyl 
and carbonitrile substitutents in close proximity.  Probing the structure through nOe 
indicates strong nOe’s (Fig. 15) between the methylene hydrogens with resonances at 
δ=2.93 ppm, the hydrogens of the cyclohexane ring, and the aromatic ortho hydrogens.  
In addition the cyclohexane protons at δ=1.58 ppm have a nOe cross peak correlating 
 
Figure 9. Nuclear Overhauser effect interactions of the butyl 
methylene protons in 75 
 
 
 with the ortho protons of the phenyl ring.  The 
1
H and 
13
C NMR have only a single set of 
signals indicating that one species is formed.  Collectively these results indicate the 
formation of an anionic complex and not a mixture of thioethers and alkyllithiums in 
solution.  In support of a sulfur-ate complex, no discrete signals were observed for phenyl 
butyl sulfide that would be formed in an exchange process. 
38 
 
 
3. Discussion - Part II. Carbocyclization of Magnesiated Nitriles 
3.1. Effects of Conformational Rigidity 
Sequential addition of Grignard reagents to oxonitrile 1 triggers the sequential 
1,2-addition to the carbonyl group followed by a conjugate addition.
69
 The sequential 
addition of MeMgCl and butenyl magnesium bromide to 1 (Scheme 1), affords the 
magnesium alkoxide 2 from which axial butenyl delivery to the MgX2-complexed nitrile 
leads to the N-magnesiated nitrile 3. Conducted tour N- to C-equilibration
70
 (3→6) is 
extremely fast whereas the carbometallation of 6→7 is likely to be slow, based on related 
carbomagnesiations of alkenyl Grignard reagents.
71
 A slow carbometalation of 6 to 7 
potentially allows an irreversible equilibration through 3 to the stable, internally 
coordinated C-magnesiated nitrile 4 which, upon protonation, leads to 5.  Following 
cyclization of 7, hydrolysis of the resulting imine 8 affords the ketone 9. 
Scheme 1. Proposed mechanisim for anionic addition-cyclization via a magnesiated nitrile 
 
 
  The expected 1,2-1,4-addition product 5 is the main product of the reaction, 
accompanied by 5-10% of the tricyclic ketone 9.   Independent regeneration of C-
magnesiated nitrile 4 by an internally directed deprotonation
69
 of 5 with i-PrMgCl, only 
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results in recovery of 5 upon protonation. The structure of ketone 9 was unequivocally 
determined by x-ray crystallography of the diol derived from 9 by reduction.   
 The formation of tricyclic ketone 9  was presumed to arise from a competition of 3 to 
irreversibly form 4 versus an N- to C- migration of magnesium (3 →6) followed by 
carbomagnesiation (6 →7). If correct, locking the six-membered ring in a conformation 
corresponding to 3 should redirect the reaction manifold exclusively to carbometallation 
by preventing a chair-to-chair conformational inversion of the intermediate C-
magnesiated nitrile 3.   
Conceptually, a rigid cholestane scaffold containing an oxonitrile should prevent 
a ring flip in a 1,2-1,4-addition process (Scheme 1).  MeMgCl addition to the oxonitrile 
14 is anticipated to occur opposite the angular methyl group, based on analogous 
Grignard additions.
72
  Addition of butenylmagnesium bromide should trigger conjugate 
addition in a conformation anticipated to favor the carbometalation.  
Access to the conformationally rigid oxonitrile 14 was achieved through a short four step 
sequence (Scheme 2).  3α-Cholestan-3β-ol (10), was oxidized with 2-iodoxybenzoic acid 
(IBX)
73
 to afford enone 11.  Introduction of the requisite nitrile group through treatment 
with diethylaluminum cyanide gave the conjugate addition product 12.
74
 Bromination of 
the ketonitrile 12 under acidic conditions gave primarily one bromoketonitrile 
diastereomer, presumably with an equatorial bromine although full characterization was 
prevented because of instability toward purification.  Eliminiation of HBr from 13 with 
carbonate salts gives a mixture of regioisomers 14 and 15.  The minor component 15 was 
unexpected and presumably arises from an E2’ reaction of the enol form of the ketone.
75
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Scheme 2. Synthesis of a rigid, steroidal oxonitrile 
  
Access to the rigid cholestane-oxonitrile 14 set the stage for the 1,2-1,4- Grignard 
addition.  Sequential addition of methylmagnesium chloride and 3-butenylmagnesium 
bromide to oxonitrile 14 gives only hydroxyl nitrile 18 and no cyclization to 17.  The 
inability to cyclize may call into question the mechanistic assumptions but could also be 
due to substrate differences.  N-magnesiation in 16a may be favored because of the steric 
compression in the C-magnesiated nitrile 16b.   
Attempts to perform the carbometalation by adding iPrMgCl or tBuMgCl to 
oxonitrile 1 followed by butenylmagnesiumbromide were unsuccessful.  The larger steric 
demand of these substituents may favor the internally coordinated C-magnesiated nitrile 
analogous to 4.  Adding (phenylethynyl)magnesium and butenylmagnesiumbromide does 
not cause cyclization despite having a small steric demand.   
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Scheme 3. Addition-cyclization of a steroidal magnesiated nitrile 
 
 
 
 
 
The inability to cyclize the rigid, six-membered oxonitrile 14 stimulated an 
analogous carbometalation with the five-membered oxonitrile 19.  Performing the 
standard 1,2-1,4-addition 3-oxocyclopent-1-enecarbonitrile 19, only afforded the nitrile  
21 and no cyclobutanone.  Attempts to force the carbometalation by microwave heating 
(see section 3.3) was unsuccessful. 
 
Scheme 4. Carbocyclization via 1,2- 1,4- Grignard Addition to 3-oxocyclopent-1-enecarbonitrile  
 
 
 
 
 
 
42 
 
3.2. Mechanistic Investigation  
A radical mechanism, can potentially explain the carbometalation.  The electron 
rich magnesiated nitrile 4 could donate an electron to form radical 22a (Scheme 5).  
Butenyl bromide might act as the single electron acceptor to give a stable cyclopropyl 
methyl radical and the nitrile stabilized radical 22a.
64,60b
 Cyclization of the radical 22a  
via 22b onto the internal carbon of the olefin would give the primary radical 23.  
Addition of a second electron from a magnesium (I) intermediate 7 containing an internal 
Grignard reagent. Cyclization onto the nitrile of 7 and subsequent hydrolysis would 
afford ketone 9. 
Scheme 5. Addition-Cyclization via a nitrile stabilized radical 
 
 
Several potential SET acceptors, cylopropyl methyl bromide
76
, tertiary butyl 
iodide, benzoquinone, molecular iodine, and oxygen were added to promote formation of 
9.  Of these, only cyclopropylmethyl iodide (5%) and tBuI (3%) produced any ketone.  
Adding 1,4-cyclohexadiene and 4-t-butylcatechol, both excellent hydrogen atom donors, 
does not hamper the cyclization reaction.
77
  Collectively these results indicate that a 
radical pathway for the cyclization is unlikely. 
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Reagent grade magnesium often has trace transition metal impurities including 
manganese, iron, zinc, and copper.
78
  Numerous metal salts (MnCl2, ZnI2, CuBr, 
Pb(OAc)2, FeCl3,  (PPh3)2NiCl2, Pd(PPh3)4, PdCl2, Pd(OAc)2, and Pd(PPh3)2Cl2) were 
added to the reaction as potential catalysts for this reaction.  Palladium salts were 
explored because similar species are known intermediates in the palladium catalyzed 
Heck reaction.
79
  Unfortunately none of these metal salts catalyzed the cyclization.  
 
3.3. Microwave enhancement 
The double cyclization that occurs during the 1,2- 1,4- additions to oxonitrile 1, 
affords ketone 9 having a dense carbon scaffold.  Assuming that the transition state is 
favored by compression, the reaction was performed with microwave heating under 
pressure.  Microwave irradiation has long been used in organic synthesis to accelerate 
reactions, improve yields, and modify regio- and stereoselectivities.
 80
 Acceleration by 
microwave heating is most often attributed to the rapid, even heating of the reaction 
mixture and the increased temperature capabilities of solvents under pressure.  For 
example, reactions can be conducted in THF at 180 °C at pressures between 12- 15 bar, a 
threefold increase in temperature from the reflux temperature at atmospheric pressure.   
 
Scheme 6. Microwave assisted cylizations of γ-hydroxynitriles 
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Adding iPrMgCl to nitrile 5 does not afford any ketone 9.  Numerous conditions 
were explored to promote the reaction including heating and changing the amount of the 
reagents.  In contrast, microwave heating has a dramatic influence causing cyclization to  
the ketone 9. Optimizing the time and temperature show that the cyclization is enhanced 
by microwave heating at temperatures greater than 160 °C (Fig. 1). At 180 °C, the 
maximum temperature with THF as solvent, the reaction is complete within 1 h.  Longer 
reaction times do not improve the conversion and the yield remains the same but is 
accompanied by significant decomposition.  Under the optimized conditions, cyclization 
to the tricyclic ketone 9 proceeds smoothly in 72% yield. 
 
Figure 1.  Temperature effects for cyclizing to 9 
  
Attempts to generalize the reaction show that substitution on the olefin is not 
tolerated.  Performing a cross metathesis to install electronically polarizing substituents 
such as a 4-ClC6H6-CH=CH-like 4-ClPh, does not promote the cyclization under 
standard conditions or with microwave heating.  However the homologue 4b very 
efficiently cyclizes to cyclobutanone 9b under microwave heating (Scheme 6).  
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Deprotonating a THF solution of the hydroxynitrile 5b with iPrMgCl followed by 
microwave irradiation affords ketone 9b and imine 24b in 31% and 41% yields 
respectively.  The direct formation of ketone 9b from 5b is a significant accomplishment 
because no ketone 9b was previously able to be obtained from 5b under conventional 
conditions.    
3.4. Monocyclic Carbometalation 
 A series of exploratory cyclizations were performed with acyclic alkenenitriles.  
The requisite substrates were prepared by alkylating hydrocinnamonitrile with alkenyl 
halides (Scheme 7).  Deprotonating 25a with LDA, transmetalating to the magnesiated 
nitrile with MgBr2, and heating the reaction with the same microwave protocol did not 
cause any cyclization.  The amine seems to cause significant decomposition, as 
generating the same magnesiated nitrile by chlorine metal exchange gives minimal 
decomposition but no cyclization.  Trapping the metalated nitrile by adding D2O to the 
reaction mixture gives the deuterated nitrile 26d indicating that the difficulty lies in the 
cyclization.  
 
Scheme 7. Reactivity of metalated nitriles towards alkenes with microwave 
irradiation 
 
 
  
46 
 
 
4. Conclusion 
NMR studies provide the first structural solution analysis of magnesiated nitriles.  
Magnesiated aryl acetonitriles prefer coordination of magnesium to the nitrile nitrogen.  
Presumably delocalization of the charge into the π-system of the aromatic more 
efficiently stabilizes the anion than with the corresponding C-magnesiated nitrile.  
Coordination to the nitrile nitrogen is maintained on deprotonating (o-methoxyphenyl) 
acetonitrile, which is surprising because the Lewis basic oxygen is perfectly positioned 
for a 5-membered ring chelate with a C-magnesiated nitrile.  The oxygenation 
simultaneously increases the electron density in the aromatic system, which should 
decrease the amount of charge accepted from the nitrile anion.   
Treating lithiated (o-methoxyphenyl) acetonitrile with copper (I) salts affords a 
cuprated nitrile in which copper is coordinated to the nucleophilic carbon.  The 
preference for C-cupration is apparent from the diagnostic nitrile chemical shift in the 
13
C 
NMR. 
The coordination preference of magnesiated nitriles intimately depends on the 
structure of the alkyl group.  
13
C NMR analysis of magnesiated cyclohexanecarbonitriles 
shows coordination of magnesium to the nucleophilic carbon.  The NMR analysis 
confirms experimental trends that have long intimated C-magnesiation in alkylnitriles.  
Compared to lithiated nitriles that preferentially coordinate to the nitrile nitrogen, the 
13
C 
NMR shift of the nitrile resonates at δ = 126.6 ppm for the magnesiated nitrile compared 
to δ = 163.5 ppm for the lithiated nitrile.   
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Cyclic C-magnesiated nitriles bearing pendent alkenes undergo an unusual 
cyclization to afford cyclobutanones.  The reaction is not promoted by transition metals 
or single electron acceptors.  Microwave irradiation of the reaction mixtures dramatically 
increases the yield of the ketone generated by carbocyclization.  The higher reaction 
temperatures achieved with microwave heating and the elevated pressure likely promotes 
access to the compact transition structure needed for cyclization.  Despite sparse 
mechanistic details, the strategy efficiently generates two highly unusual cyclobutanones 
in 72-77% yield. 
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5. Experimental 
 
(Cyano(phenyl)methyl)magnesium chloride (68-Mg): A THF solution (1 mL) of 
iPrMgCl (2.0 M, 2 mmol, 1.15 equiv.) was added dropwise to a 0 °C solution (1.5 mL) of  
phenylacetonitrile (203 mg, 1.7 mmol).  After 15 min, the cooling bath was removed and 
the reaction allowed to warm to room temperature.  After 1h, 750 uL of this solution was 
transferred by syringe to a dry NMR tube capped with a septum.  The sample was 
employed in an unlocked 
13
C and HETCOR NMR analysis.    
13
C NMR (101 MHz, THF) 
δ 15.85, 16.03, 31.29, 113.25, 118.22, 127.48, 128.05, 147.55. 
 
(1-Cyanocyclohexyl)(methyl)copper (45a): Solutions were prepared by following a 
previously reported
11b
 procedure in which 1-bromocyclohexanecarbonitrile (262.8 mg, 
1.40 mmol) was treated with Me2CuLi.
81
 For NMR analyses, after the exchange reaction 
is allowed to proceed for 1.5 h, the solution is vacuum filtered in a glovebox and 700 uL 
is transferred to a dry, septum-sealed NMR tube. 
13
C NMR (126 MHz, 2.5:1 THF/Et2O) δ 
23.30, 24.72, 26.81, 36.49, 123.50. 
 
(Cyanocyclohexyl)lithium (43a): A flame-dried, round bottom flask with a magnetic 
stirbar, THF (3 mL) and N,N-diisopropyl amine (330 uL, 238 mg, 2.4 mmol) was cooled 
to -78 °C and then BuLi (2.5M in Hexanes, 900 uL, 2.3 mmol) was added.  After 30 min 
neat cyclohexanecarbonitrile (250 uL, 230 mg 2.1 mmol) was added.  After 30 minutes 
the cold bath is removed and after 15 min 750 uL of the solution is transferred to a dry 
NMR tube sealed with a rubber septum.  
13
C NMR (126 MHz, THF) δ 163.50 (CN). 
 
(1-Cyanocyclohexyl)magnesium bromide (72):  A dry NMR tube fitted with a valved, 
septum sealed cap was charged with a THF solution (0.55M , 700 uL) of MesMgBr.    
Neat 1-bromocyclohexanecarbonitrile (up to 75 uL) was added at -35 °C until the 
13
C 
NMR resonances of MesMgBr completely disappear.  Alternatively the magnesiated 
nitrile 9c was generated by the dropwise addition of 1-bromocyclohexanecarbonitrile 
(244 mg, 1.3 mmol) to a 0 °C, THF solution of MesMgBr (0.53 M, 1.5 mmol).  After 30 
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min a portion of the solution was transferred to an NMR tube for analysis.  Inducing 
crystallizations from this solution by removing the solvent and cooling (-80 °C, 5 days) 
yields only [1,1'-bi(cyclohexane)]-1,1'-dicarbonitrile. 
13C NMR (126 MHz, THF) δ 19.89 
(MesBr), 23.05 (MesBr), 30.34, 31.16, 35.23, 45.92, 119.75 (Br-C-CN), 123.69, 123.80 
(MesBr), 126.58 (CN), 129.00 (MesBr), 136.96 (MesBr), 137.25 (MesBr). 
 
(Cyano(2-methoxyphenyl)methyl)magnesium chloride (71-Mg): A THF solution (6 
mL) of iPrMgCl (2.0 M, 12 mmol, 1.14 equiv.) was added dropwise (~5 min) to a 0 °C, 
solution (5 mL) of  2-(2-methoxyphenyl)acetonitrile (1.54 g, 10.5 mmol).  After 15 min, 
the cooling bath was removed and the reaction allowed to warm to room temperature. 
After 1 h, gentle heating was applied to afford a clear, dark-yellow solution.  750 uL of 
this solution was transferred by syringe to a dry NMR tube capped with a septum.  The 
solvent was removed under reduced pressure at room temperature, and then the NMR 
tube was charged with 700 uL of dry d
8
 THF for NMR analysis.  The remaining solution 
was concentrated by removing approximately 1/3 of the solvent under vacuum.  After 
leaving the solution for 5 days undisturbed at -20 °C crystals were obtained for 
crystallographic analysis.  
1H NMR (400 MHz, THF) δ 2.98 (s, 1H), 3.59 (s, 3H), 6.11 (t, 
J = 7.2 Hz, 1H), 6.39 (d, J = 8.3 Hz, 1H), 6.43 (t, J = 7.3 Hz, 1H), 6.69 (dd, J = 7.7, 1.4 
Hz, 1H); 
13C NMR (101 MHz, THF) δ 25.85, 55.62, 110.87, 114.07, 119.62, 121.62, 
138.15, 147.56, 152.03.  
 
(Cyano(2-methoxyphenyl)methyl) copper (71-Cu):  A hexanes solution (1.2 mL) of 
BuLi (2.5 M, 2.89 mmol, 1.14 equiv.) was added dropwise (~5 min) to a -78 °C, THF 
solution (2.0 mL) of 2-(2-methoxyphenyl)acetonitrile (372  mg, 2.53 mmol).  After 15 
min, the solution was transferred by syringe to a 25 mL Schlenk flask containing a -78 
°C, THF slurry (3 mL) of copper (I) iodide ( 580 mg, 3.05 mmol, 1.20 equiv.).  750 uL of 
this solution was transferred by syringe to a dry NMR tube capped with a septum and 
used for unlocked 
13
C NMR analysis.  
13C NMR (101 MHz, THF) δ 20.04, 54.74, 109.49, 
120.12, 120.99, 123.41, 130.42, 131.18, 153.72. 
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(Cyano(2-methoxyphenyl)methyl) 
6
lithium (71-
6
Li) in d
8
 THF:  Neat Bu
6
Li (12 M, 28 
uL) was added via syringe to a -75 °C, d
8
-THF solution (700 uL) of 2-(2-
methoxyphenyl)acetonitrile (47  mg, 0.31 mmol) in a dry NMR tube fitted with a valve 
cap.  The deprotonation was monitored by 
1
H NMR with spectra taken after each 
injection of between 5uL and 10 uL of BuLi.  A temperature of –75 °C was maintained in 
the spectrometer and the time when the sample was outside of the instrument for adding 
incremental BuLi injections was minimized.  
1
H NMR (500 MHz, THF-d
8) δ 2.81 (s, 
1H), 3.58 (s, 3H), 6.00 (t, J = 7.3 Hz, 1H), 6.33 (d, J = 7.6 Hz, 1H), 6.41 (t, J = 7.3 Hz, 
1H), 6.65 (d, J = 7.5 Hz, 1H);  
6
Li NMR (74 MHz, THF-d
8) δ 0.68;  13C NMR (126 MHz, 
THF-d
8) δ 26.10, 54.56, 107.97, 110.96, 117.63, 121.11, 139.27, 142.05, 150.50. 
 
(Cyano(2-methoxyphenyl)methyl) 
6
lithium (71-
6
Li) in d
10
 Et2O:  Neat Bu
6
Li (12 M, 
27 uL) was added via syringe to a -75 °C, d
8
-THF solution (700 uL) of 2-(2-
methoxyphenyl)acetonitrile (45  mg, 0.31 mmol) in a dry NMR tube fitted with a valve 
cap.  The deprotonation was monitored by 
1
H NMR with spectra taken after each 
injection of between 5uL and 10 uL of BuLi.  A temperature of –75 °C was maintained in 
the spectrometer and the time when the sample was outside of the instrument for adding 
incremental BuLi injections was minimized.   
1
H NMR (500 MHz, Et2O-d
10) δ 3.34 (s, 
1H), 3.50 (s, 2H), 3.81 (s, 3H), 6.43 (s, 1H), 6.60 (s, 1H), 6.69 (s, 1H), 6.98 (s, 1H); 
6
Li 
NMR (74 MHz, Et2O -d
10) δ 1.42; 13C NMR (126 MHz, Et2O -d
10) δ 25.87, 55.09, 
109.76, 115.22, 120.12, 121.17, 121.23, 136.45, 151.87, 155.26. 
 
1-(Phenylthio)cyclohexanecarbonitrile (74):  A hexanes solution (3.6 mL) of butyl 
lithium (2.5 M, 9.0 mmol., 1.07 equiv) was added to a -78 °C, THF solution (15 mL) of 
N,N-diisopropyl amine (1.3 mL, 9.28 mmol, 1.10 equiv.).  After 30 min, neat 
cyclohexanecarbonitrile (1.0 mL, 8.42 mmol) was added.  After 15 min the cold bath was 
removed and the reaction was allowed to warm to room temperature.  After 1 h the flask 
was cooled to -78 °C and a THF solution (4 mL) of diphenyl disulphide (2.12 g, 9.73 
mmol 1.16 equiv.) was added.  The cooling bath was removed, and the reaction was 
allowed to warm to room temperature overnight.  Saturated, aqueous NH4Cl (15 mL) was 
added, the phases were separated, and the aqueous phase was extracted with EtOAc (3 x 
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30 mL).  The combined organic extracts were washed with sodium hydroxide (5 M), 
water, brine and dried (Na2SO4).  Concentration of the solution to ~1/3 of the initial 
volume followed by filtration through a short silica plug (2 cm) gave 1.36 g (74.2%) of 
pure material, spectroscopically identical to that previously prepared.
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[1-(Butyl-phenylthio)cyclohexanecarbonitrile] lithium (75): BuLi (2.5M in Hexanes, 
100 uL 0.25 mmol) was added via syringe to a -40 °C, d
8
-THF solution (700 uL) of 1-
(Phenylthio)cyclohexanecarbonitrile (74) (55  mg, 0.25 mmol) in a dry NMR tube fitted 
with a septum.  The reaction was monitored by 
1
H and 
13
C NMR with spectra taken after 
each injection of 25uL of BuLi.  A temperature of -40 °C was maintained in the 
spectrometer and the time when the sample was outside of the instrument for adding 
incremental BuLi injections was minimized. 
1
H NMR (400 MHz, THF-d
8) δ -1.12 (t, J = 
8.3 Hz, 2H, BuLi), 2.00 (s, 4H), 2.92 (d, J = 7.2 Hz, 2H), 3.58 (s, 4H), 7.10 (s, 1H), 7.25 
(d, J = 6.8 Hz, 4H);
13
C NMR (101 MHz, THF-d
8) δ 12.21, 14.41, 14.92, 15.05, 19.33, 
21.17, 21.72, 23.08, 23.27, 23.95, 26.14, 27.85, 28.95, 30.01, 30.20, 32.15, 32.85, 32.98, 
35.61, 35.87, 37.26, 42.41, 126.08, 128.75, 129.75, 138.26. 
 
1-Cyano-2,3-dimethyl-3-oxidocyclohexylmagnesium: A THF solution (0.9 mL) of 
MeMgCl (3 M, 2.7 mmol, 2.1 equiv.) was added to a -20 °C, THF solution (3 mL) of 3-
oxo-cyclohex-1-enecarbonitrile (155.5 mg, 1.28 mmol).  After 2 h, 750 uL of the solution 
is transferred to a dry NMR fitted with a valve cap.  
13
C NMR (126 MHz, THF) δ 13.98, 
23.43, 25.37, 28.48, 29.07, 32.14, 41.92, 47.47, 67.64, 141.48. 
 
3-oxocyclohex-1-enecarbonitrile (1) :  Solid chromium (VI) oxide (24.2 g, 242.1 mmol, 
11 equiv.) and 3,5-dimethylpyrazole (24.2 g, 251.2 mmol, 11.4 equiv.) was added in 
three portions over 4 h to a 0°C, CH2Cl 2 solution (500 mL) of the nitrile instead of 
adding in one portion at -20 °C as described in the original procedure.
82
.  The portion-
wise addition markedly increases the conversion of cyclohex-1-enecarbonitrile (2.5 mL, 
2.37 g, 22.1 mmol) and limits the intractable chromium matrix formed in the reaction.  
Purificiation by passage of the crude material through a short (~3 cm) silica plug with 
CH2Cl 2 gave 2.06 g (77%) of analytically pure 13 upon removal of the solvent.    
52 
 
5α-Cholestan-1-ene-3-one (11):  A DMSO solution (200 mL) of 5α-cholestan-3β-ol 
(1.54 g, 4.0 mmol) was formed by heating to 70 °C by immersion in an oil bath and 
vigorously stirring to ensure complete dissolution of the alcohol.  2-Iodoxybenzoic acid 
(IBX)
73
 (1.46 g, 5.2 mmol, 1.31 equiv.) was added, and after 3 h a second portion (1.91 g, 
6.8 mmol, 1.72 equiv.) was added.  After 10 h the mixture was cooled to room 
temperature and diluted with saturated, aqueous sodium bicarbonate (150 mL).  After 15 
min, the solution was diluted with water (100 mL) and extracted with Et2O (3 x 150 mL).  
The organic phase was washed with water (100 mL), brine (100 mL), dried (Na2SO4), 
and was then concentrated under reduced pressure.  The crude enone was purified by 
flash chromatography (1:19 EtOAc/hexanes) to afford 1.28 g (84%) of 11 as a white 
crystalline solid with 
1
H and 
13
C NMR spectra identical to that of material previously 
characterized.
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3-Oxo-(1α,5α)-cholestane-1-carbonitrile (12):  A toluene solution (7.52 mL) of diethyl 
aluminum cyanide (1M, 7.5 mmol, 1.2 equiv.) was added dropwise over 15 min to a THF 
solution (15 mL) of 5α-cholestan-1-ene-3-one (11, 2.41 g, 6.7 mmol).  After 3 h the 
solution was cooled to room temperature and aqueous HCl (1 M) added with stirring in a 
well-vented fume hood. (Caution: This step generates HCN.)  After 1 h the solution 
was diluted with water (20 mL) and extracted with EtOAc (3 x 75 mL).  The combined 
organic extracts were washed with water, brine, and then dried (Na2SO4).  The crude 
material was passed through a short (~5 cm) plug of silica gel eluting with CH2Cl2. The 
solution was concentrated to afford 2.25 g (95%) of a white crystalline solid 
spetroscopically identical to previously characterized material.
74
 
3-Oxo-2-bromo-(1α,5α)-cholestane-1-carbonitrile (13): An acetic acid solution (1.83 
mL) of bromine (1.94 M, 3.55 mmol, 1.05 equiv.) was added dropwise to a room 
temperature, acetic acid solution of 12 (1.3 g, 3.37 mmol) and 100 uL of HCl (12.1 M).  
After 1 h the reaction was poured onto 5 g of crushed ice.  The resulting solid was filtered 
and then washed with water to afford 1.1 g (85%) of an off-white crystalline solid that 
decomposed upon standing. 
. 
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 3-Oxo-(5α)-cholest-1-ene-1-carbonitrile (14): A DMF (10 mL) slurry of lithium 
carbonate (250 mg, 3.38 mmol, 2.89 equiv) and lithium iodide (384 mg, 2.87 mmol, 2.45 
equiv) was heated to reflux.  Upon reaching reflux, freshly prepared 13 (574.1 mg, 1.17 
mmol) was added and after 1 h the solution was allowed to cool.  The crude reaction was 
poured into 0 °C, aqueous HCl (2.9 M, 30 mL) and filtered.  The solid was dissolved in 
EtOAc and the organic phase was washed with saturated aqueous NaHCO3, water, and 
brine.  The organic phase was dried (Na2SO4), concentrated under reduced pressure, and 
the remaining DMF removed by Kugelrhor distillation. Purification by crystallization 
from warm ethanol gave 305.4 mg (68%): IR (film) 2217, 1727, 1693 cm
−1
;  
1
H NMR 
(500 MHz, CDCl3) δ 0.71 (s, 3H), 0.88 (dd, J = 6.6, 2.2 Hz, 6H), 0.93 (d, J = 6.5 Hz, 
3H), 0.98 (m, 2H), 1.02 (s, 3H), 1.10 (dd, J = 16.1, 6.2 Hz, 7H), 1.43 (m, 6H), 1.54 (m, 
3H), 1.73 (m, 2H), 1.88 (m, 2H), 2.06 (dt, J = 12.7, 3.4 Hz, 1H), 2.22 (dd, J = 18.4, 4.0 
Hz, 1H), 2.38 (dd, J = 17.7, 14.2 Hz, 2H), 5.86 (d, J = 10.2 Hz, 1H), 7.15 (d, J = 10.2 Hz, 
1H);  
13
C NMR (101 MHz, CDCl3) δ 12.50, 14.26, 18.67, 22.70, 22.95, 23.23, 23.95, 
24.34, 28.14, 28.21, 28.26, 30.76, 35.92, 36.20, 37.13, 39.62, 39.96, 41.05, 42.11, 42.48, 
44.36, 50.12, 56.38, 56.63, 118.74, 140.75, 141.14, 196.91. 
 
2-Benzylhept-6-enenitrile (25a): A hexanes solution (3.5 mL) of butyllithium (2.5 M 
8.75 mmol, 1.04 equiv.) was added to a -78 °C, THF solution (6.5 mL) of N,N-
diisopropyl amine (1.3 mL, 9.28 mmol, 1.1 equiv.).  After 30 min neat 
phenylpropionitrile (1.1 mL, 1.10 g, 8.39 mmol) was added.  After 1 h neat 5-bromopent-
2-ene (1.51 g, 10.13 mmol, 1.2 equiv.) was added, the cooling bath was removed, and the 
reaction was allowed to warm to room temperature overnight.  Saturated, aqueous NH4Cl 
(10 mL) was added, the phases were separated, and the aqueous phase was extracted with 
EtOAc (3 x 25 mL).  The combined organic extracts were washed with water, brine, and 
dried (Na2SO4).  Concentrating the solution afforded a crude material that was purified by 
radial chromatography (1:9 EtOAc/hexanes) to give 1.36 g (81%) of 25a as a pale yellow 
oil: IR (neat) 2255 cm
−1
; 
1
H NMR (400 MHz, CDCl3) δ 1.61 (m, 4H), 2.08 (m, 2H), 2.76 
(ddd, J = 14.3, 8.1, 6.2 Hz, 1H), 2.88 (qd, J = 13.6, 7.3 Hz, 2H), 4.99 (dd, J = 14.2, 12.7 
Hz, 2H), 5.76 (ddt, J = 16.9, 10.2, 6.7 Hz, 1H), 7.23 (m, 2H), 7.27 (d, J = 7.2 Hz, 1H), 
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7.33 (t, J = 7.2 Hz, 2H); 
13
C NMR (101 MHz, CDCl3) δ 26.30, 31.21, 33.11, 33.78, 
38.48, 115.42, 121.79, 127.28, 128.79, 129.06, 137.10, 137.70. 
 
2-Benzyloct-7-enenitrile (25b): A hexanes solution (3.5 mL) of butyllithium (2.5 M 8.75 
mmol, 1.04 equiv.) was added to a -78 °C, THF solution (6.5 mL) of N,N-diisopropyl 
amine (1.3 mL, 9.28 mmol, 1.1 equiv.).  After 30 min neat phenylpropionitrile (1.1 mL, 
1.10 g, 8.39 mmol) was added.  After 1 h neat 6-bromohex-2-ene (1.65 g, 10.10 mmol, 
1.2 equiv.) was added, the cooling bath was removed, and the reaction was allowed to 
warm to room temperature overnight.  Saturated, aqueous NH4Cl (10 mL) was added, the 
phases were separated, and the aqueous phase was extracted with EtOAc (3 x 25 mL).  
The combined organic extracts were washed with water, brine, and dried (Na2SO4).  
Concentrating the solution afforded a crude material that was purified by radial 
chromatography (1:9 EtOAc/hexanes) to give 1.36 g (81%) of 25b as a pale yellow oil: 
IR (neat) 2255 cm
−1
;  
1
H NMR (400 MHz, CDCl3) δ 1.40 (dd, J = 9.9, 5.0 Hz, 3H), 1.57 
(m, 3H), 2.04 (q, J = 7.0 Hz, 2H), 2.73 (tt, J = 14.4, 7.0 Hz, 1H), 2.84 (m, 2H), 4.97 (m, 
2H), 5.77 (ddt, J = 16.9, 10.2, 6.7 Hz, 1H), 7.21 (m, 2H), 7.25 (d, J = 7.1 Hz, 1H), 7.31 (t, 
J = 7.2 Hz, 2H); 
13
C NMR (101 MHz, CDCl3) δ 26.46, 28.21, 31.52, 33.34, 33.67, 38.30, 
114.77, 121.70, 127.11, 128.63, 128.95, 137.03, 138.24. 
 
2-Benzyl-2-chlorooct-7-enenitrile (25b, R = Cl):  A hexanes solution (700 uL) of 
butyllithium (2.5 M 1.75 mmol, 1.06 equiv.) was added to a -78 °C, THF solution (5 mL) 
of N,N-diisopropyl amine (260 uL, 1.86 mmol, 1.12 equiv.).  After 30 min neat 25b (354 
mg, 1.66 mmol) was added.  After 1 h neat 2-chloro-2-fluoro-2-phenylacetonitrile (436 
mg, 2.57 mmol, 1.6 equiv.) was added, the cooling bath was removed, and the reaction 
was allowed to warm to room temperature overnight.  Saturated, aqueous NH4Cl  (5 mL) 
was added, the phases were separated, and the aqueous phase was extracted with EtOAc 
(3 x 15 mL).  The combined organic extracts were washed with water, brine, and dried 
(Na2SO4).  Concentrating the solution afforded the crude nitrile that was purified by 
radial chromatography (1:9 EtOAc/hexanes) to give 352 mg (86%) of (25b, R = Cl) as a 
pale yellow oil.  
 
55 
 
 
 (4aS,5R,8aS)-5-Hydroxy-5-methyloctahydrocyclobuta[c]inden-1(2H)-one (9a): A 
THF solution (0.29 mL) of iPrMgCl (2.0 M, 0.58 mmol, 2.3 equiv.) was added to a -78 
°C, THF solution (1.0 mL) of 20a,
51b
 (49.5 mg, 0.26 mmol).  After 30 min the solution 
was immersed in a 0 °C cooling bath and left for 30 min. General Microwave 
Procedure: The reaction was transferred by syringe to a sealed, dry microwave vial and 
then heated in a Biotage Initiator microwave to 180 °C for 1 h.  Once cool, the mixture 
was transferred to a 25 mL round bottom flask and then saturated, aqueous NH4Cl (10 
mL) was added.  After 1 h the phases were separated and the aqueous phase was 
extracted with EtOAc (3 x 10 mL).  The combined organic phase was washed with water, 
brine, and then dried (Na2SO4).  The crude ketone was concentrated and purified by flash 
chromatography (1:4 EtOAc/Hexanes) to afford 57.5 mg (72%) of the ketone 20a as an 
oil: IR (neat) 3478, 1776 cm
-1
;  
1
H NMR (500 MHz, CDCl3) δ 1.21 (s, 3H), 1.34 (td, J = 
13.8, 4.4 Hz, 1H), 1.42 (td, J = 12.9, 3.6 Hz, 1H), 1.57 (ddd, J = 31.5, 29.4, 14.4 Hz, 3H), 
1.84 (m, 5H), 2.08 (d, J = 12.9 Hz, 1H), 2.40 (dd, J = 18.5, 2.8 Hz, 1H), 2.48 (t, J = 8.5 
Hz, 1H), 3.31 (dd, J = 18.4, 9.4 Hz, 1H), 3.80 (s, 1H); 
13
C NMR (101 MHz, CDCl3) δ 
17.61, 27.63, 28.24, 30.29, 33.79, 36.56, 38.89, 49.16, 51.25, 70.88, 74.93, 76.84, 77.16, 
77.48, 219.33. 
 
(5aS,6R,9aS)-6-Hydroxy-6-methyldecahydro-1H-cyclobuta[d]naphthalen-1-one (9b) 
(General Procedure for Conjugate Addition to Oxonitriles): A THF solution (0.5 mL) 
of MeMgCl (3 M, 1.5 mmol, 1.03 equiv.) was added to a 0 °C, THF solution (1.5 mL) of 
3-oxo-cyclohex-1-enecarbonitrile (175.1 mg, 1.45 mmol).  After 1 h a THF solution (5 
mL) of pentenylmagnesiumbromide (1.95 mmol, 1.35 equiv.) was added.  After 1 h the 
reaction was transferred by syringe to a sealed, dry microwave vial and then heated in a 
Biotage Initiator microwave to 180 °C for 1 h.  Once cool, the mixture was transferred to 
a 25 mL round bottom flask and then saturated, aqueous NH4Cl (10 mL) was added. 
After 1 h the phases were separated and the aqueous phase was extracted with EtOAc (3 
x 10 mL).  The combined organic phase was washed with water, brine, and then dried 
(Na2SO4).  The crude ketone was concentrated and purified by flash chromatography (1:4 
EtOAc/Hexanes) to afford 210.5 mg (70%) of pure 9b as an oil: IR (neat) 3478, 1774 cm
-
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1
;  
1
H NMR (400 MHz, CDCl3) δ 1.13 (d, J = 1.0 Hz, 3H), 1.25 (s, 1H), 1.40 (dd, J = 
13.3, 4.2 Hz, 2H), 1.46- 1.61 (m, 6H), 1.74 (dd, J = 6.8, 4.5 Hz, 2H), 1.94 (m, 2H), 2.09 
(d, J = 3.8 Hz, 2H), 2.58 (dd, J = 17.7, 3.3 Hz, 1H), 3.33 (dd, J = 17.7, 9.4 Hz, 1H) 4.27 
(s, 1H); 
13
C NMR (101 MHz, CDCl3) δ 18.58, 19.12, 19.87, 26.11, 26.78, 29.48, 36.11, 
40.94, 46.14, 46.60, 65.67, 70.18, 217.68. In addition 45 mg of a 1:1 mixture of 9b (77% 
total) and uncyclized 5b was obtained.  For 5b IR (neat) 3475, 2232, 1652 cm
-1
; 
1
H NMR 
(400 MHz, CDCl3) δ  1.07 (s, 1H), 1.26 (s, 3H), 1.52-1.76 (m, 10H), 2.10 (dd, J = 6.9 Hz, 
3H), 2.71 (dt, J = 3.5 Hz, 1H), 4.97 (dd, J = 10.2 Hz, 1H), 5.03 (dd, J = 17.1, 1.8 Hz, 
1H), 5.82 (dt, J = 16.9, 10.2, 6.7 Hz, 1H); 
13
C NMR (101 MHz, CDCl3) δ 20.26, 29.10, 
29.18, 29.26, 30.52, 31.54, 34.15, 39.78, 47.81, 70.97, 114.88, 122.94, 138.39. 
 
(2S, 3R)-3-Hydroxy-3-methyl-2-(penta-3,4-dien-1-yl)cyclohexanecarbonitrile:   
A THF solution (240 uL) of MeMgCl (3 M, 0.72 mmol, 1.06 equiv.) was added to a 0 °C, 
THF solution (1.5 mL) of 3-oxo-cyclohex-1-enecarbonitrile (82.3 mg, 0.68 mmol).  After 
1 h a THF solution (5.0 mL) of penta-3,4-dien-1-ylmagnesium iodide (2.21 mmol, 3.25 
equiv.)
83
 was added.  After 12 h, saturated, aqueous NH4Cl (10 mL) was added, the 
phases were separated, and the aqueous phase was extracted with EtOAc (3 x 10 mL).  
The combined organic phase was washed with water, brine, and then dried (Na2SO4).  
The crude hydroxynitrile was concentrated and then purified by flash chromatography 
(1:4 EtOAc/Hexanes) to afford 81.3 mg (66%) of 2-(buta-2,3-dien-1yl)-3-hydroxy-3-
methylcyclohexane carbonitrile as a pale yellow oil: IR (neat) 3469, 2233, 1712 
1656cm
−1
;  
1
H NMR (400 MHz, CDCl3) δ 1.01 (s, 1H) 1.21 (d, J = 7.1 Hz, 3H), 1.24 (s, 
3H), 1.41-1.53 (m, 2H), 1.63-1.73 (m, 3H), 1.82 (d, J = 7.1 Hz, 1H), 2.11-2.26 (m, 3H), 
4.70 (dt, J = 6.5, 2.7 Hz, 2H), 5.14 (p, J = 6.6 Hz, 1H); 
13
C NMR (101 MHz, CDCl3) δ 
10.58, 16.72, 24.52, 30.67, 33.09, 39.92, 41.88, 45.53, 71.33, 75.54, 89.39, 125.11, 
208.46. 
 
(2S, 3R)-3-Hydroxy-3-methyl-2-((Z)-pent-3-en-1-yl)cyclohexanecarbonitrile:  A THF 
solution (75 uL) of MeMgCl (3 M, 0.23 mmol, 1.09 equiv.) was added to a 0 °C, THF 
solution (1.5 mL) of 3-oxo-cyclohex-1-enecarbonitrile (25.1 mg, 0.21 mmol).  After 1 h a 
THF solution (1.0 mL) of (Z)-pent-3-en-1-ylmagnesium iodide (0.46 mmol, 2.07 equiv.) 
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was added.  After 12 h, saturated, aqueous NH4Cl (5 mL) was added, the phases were 
separated, and the aqueous phase was extracted with EtOAc (3 x 10 mL).  The combined 
organic phase was washed with water, brine, and then dried (Na2SO4).  The crude 
hydroxynitrile was concentrated and then purified by flash chromatography (1:4 
EtOAc/Hexanes) to afford 27.8 mg (65%) of pure 3-hydroxy-3-methyl-2-((Z)-pent-3-en-
1-yl)cyclohexanecarbonitrile as a pale yellow oil: IR (neat) 3453, 2237, 1745 cm
−1
;  
1
H 
NMR (400 MHz, CDCl3) δ 1.23 (s, 1H), 1.28 (s, 3H), 1.33-1.67 (m, 12H), 1.75-1.88 (m, 
2H)  2.72 (td, J = 11.8, 3.6 Hz, 1H), 5.39-5.52 (m, 2H);  
13
C NMR (101 MHz, CDCl3) δ  
12.98, 20.37, 26.98, 29.26, 29.49, 30.65, 31.66, 39.86, 47.19, 71.00, 123.07, 124.88, 
129.91. 
 
(2R, 3S)-3-Hydroxy-3-methyl-2-((E)-4-phenylbut-3-en-1-yl)cyclohexanecarbonitrile: 
A CH2Cl2 solution (1.0 mL) of 20 (235.7 mg, 1.22 mmol) was added to a CH2Cl2 
suspension (4.0 mL) of Grubbs 2
nd
 Generation Catalyst ([1,3-Bis-(2,4,6-trimethylphenyl)-
2-imidazolidinylidene]dichloro(phenylmethylene)(tricyclohexylphosphine)ruthenium) 
(25 mg 0.03 mmol 0.02 equiv.) and styrene (516.4 mg, 4.96 mmol, 8.13 equiv.).  The 
reaction was heated to reflux for 16 h.  The reaction was cooled, the remaining solvent 
was removed, and the crude hydroxynitrile was purified by flash chromatography (1:4 
EtOAc/Hexanes) to afford 237.8 mg (72%) of a viscous, yellow oil: IR (neat) 3456, 2234, 
1645, 1582, 1507  cm
−1
; 
1
H NMR (400 MHz, CDCl3) 7.29 (m, 5H), 6.44 (d, J = 15.8 Hz, 
1H), 6.23 (dt, J = 15.7, 6.9 Hz, 1H), 2.74 (td, J = 11.8, 3.6 Hz, 1H), 2.10 (m, 1H), 1.95 
(m, 1H), 1.59 (ddd, J = 18.6, 9.9, 7.1 Hz, 5H), 1.43 (ddd, J = 10.2, 8.2, 4.2 Hz, 3H), 1.29 
(s, 3H), 1.17 (d, J = 6.8 Hz, 1H); 
13
C NMR (101 MHz, CDCl3) δ 20.25, 29.25, 29.32, 
30.48, 31.62, 33.01, 39.80, 46.84, 70.97, 122.94, 126.02, 126.99, 128.52, 130.03, 130.68, 
137.59. 
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6. Appendixes  
6.1. NMR and Crystallographic Data for Metallated Phenylacetonitrile (68) 
and 2-Methoxyphenylacetonitrile (70/71) 
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ORTEP of 71-Mg 
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CIF Data cyano(2-methoxyphenyl)methanide magnesium chloride 
 
 
data_2omebzcnmg_0m  
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             'Magnesio-2Methoxy Phenylacetonitrile'  
_chemical_melting_point           ?  
_chemical_formula_moiety          'C9 H8 Cl Mg N O'   
_chemical_formula_sum     'C9 H8 Cl Mg N O'  
 
_chemical_formula_weight          205.92  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Mg'  'Mg'   0.0486   0.0363  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cl'  'Cl'   0.1484   0.1585  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            Triclinic  
_symmetry_space_group_name_H-M    'P1'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
  
_cell_length_a                    8.4967(4)  
_cell_length_b                    11.7346(6)  
_cell_length_c                    13.1461(6)  
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_cell_angle_alpha                 90.00  
_cell_angle_beta                  90.00  
_cell_angle_gamma                 90.00  
_cell_volume                      1310.74(11)  
_cell_formula_units_Z             6  
_cell_measurement_temperature     150(2)  
_cell_measurement_reflns_used     ?  
_cell_measurement_theta_min       ?  
_cell_measurement_theta_max       ?  
  
_exptl_crystal_description        rhomboid  
_exptl_crystal_colour             colorless 
_exptl_crystal_size_max           0.74  
_exptl_crystal_size_mid           0.22  
_exptl_crystal_size_min           0.11  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.565  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              636  
_exptl_absorpt_coefficient_mu     0.459  
_exptl_absorpt_correction_type    'multi-scan'  
_exptl_absorpt_correction_T_min   0.7283  
_exptl_absorpt_correction_T_max   0.9533  
_exptl_absorpt_process_details    'SADABS (Sheldrick, 2002)'  
  
_exptl_special_details  
;  
 ?  
;  
  
_diffrn_ambient_temperature       296(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device_type   'Bruker Smart ApexII'  
_diffrn_measurement_method        '\f and \w scans'  
_diffrn_detector_area_resol_mean  ?  
_diffrn_reflns_number             21890  
_diffrn_reflns_av_R_equivalents   0.0275  
_diffrn_reflns_av_sigmaI/netI     0.0741  
_diffrn_reflns_limit_h_min        -12  
_diffrn_reflns_limit_h_max        12  
_diffrn_reflns_limit_k_min        -17  
_diffrn_reflns_limit_k_max        17  
_diffrn_reflns_limit_l_min        -19  
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_diffrn_reflns_limit_l_max        19  
_diffrn_reflns_theta_min          1.55  
_diffrn_reflns_theta_max          32.38  
_reflns_number_total              14879  
_reflns_number_gt                 9632  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection        'SMART (Bruker, 1998)'  
_computing_cell_refinement        'SAINT (Bruker, 1998)'  
_computing_data_reduction         'SAINT' 
_computing_structure_solution     'SHELXS-97 (Sheldrick, 2008)'  
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 2008)'  
_computing_molecular_graphics     'SHELXTL (Sheldrick, 2000)' 
_computing_publication_material   'ORTEP-3 for windows (Faruggia, 1997)' 
  
_refine_special_details  
;  
 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.1000P)^2^+0.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     mixed  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_abs_structure_details  
 'Flack H D (1983), Acta Cryst. A39, 876-881'  
_refine_ls_abs_structure_Flack    0.49(15)  
_refine_ls_number_reflns          14879  
_refine_ls_number_parameters      595  
_refine_ls_number_restraints      3  
_refine_ls_R_factor_all           0.1951  
_refine_ls_R_factor_gt            0.1504  
_refine_ls_wR_factor_ref          0.3849  
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_refine_ls_wR_factor_gt           0.3667  
_refine_ls_goodness_of_fit_ref    2.133  
_refine_ls_restrained_S_all       2.133  
_refine_ls_shift/su_max           0.709  
_refine_ls_shift/su_mean          0.146  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Mg1 Mg 0.2162(2) 0.09087(18) 0.57571(15) 0.0310(4) Uani 1 1 d . . .  
Cl5 Cl 0.3829(3) -0.0727(2) 0.5747(2) 0.0826(7) Uani 1 1 d . . .  
Mg2 Mg 0.7169(2) 0.59097(18) 0.08672(15) 0.0310(4) Uani 1 1 d . . .  
O2 O 0.0726(6) 0.0171(5) 0.4622(4) 0.0633(15) Uani 1 1 d . . .  
O1 O 0.3489(6) 0.1744(5) 0.4644(4) 0.0586(14) Uani 1 1 d . . .  
C2 C 0.5679(15) 0.2129(17) 0.3619(11) 0.136(7) Uani 1 1 d . . .  
C3 C 0.469(2) 0.3013(18) 0.3551(15) 0.203(12) Uani 1 1 d . . .  
C1 C 0.445(3) 0.1171(17) 0.381(2) 0.262(16) Uani 1 1 d . . .  
C5 C -0.077(2) 0.0679(16) 0.428(2) 0.255(17) Uani 1 1 d . . .  
C4 C 0.104(2) -0.0969(15) 0.4189(18) 0.223(12) Uani 1 1 d . . .  
C6 C -0.041(2) -0.1181(18) 0.3589(14) 0.153(8) Uani 1 1 d . . .  
N1 N 0.8798(5) 0.7588(6) 0.0854(5) 0.0241(14) Uani 1 1 d . . .  
Cl3 Cl 0.5478(4) 0.4286(3) 0.0883(2) 0.0949(9) Uani 1 1 d . . .  
O4 O 0.5770(5) 0.6670(4) -0.0282(3) 0.0445(11) Uani 1 1 d . . .  
O6 O 0.8573(5) 0.5182(4) -0.0257(4) 0.0504(12) Uani 1 1 d . . .  
C7 C 0.351(2) 0.2850(19) 0.448(2) 0.30(2) Uani 1 1 d . . .  
C8 C 1.0258(9) 0.5374(8) -0.0405(8) 0.073(3) Uani 1 1 d . . .  
C9 C 1.0654(12) 0.4678(11) -0.1297(9) 0.096(4) Uani 1 1 d . . .  
C10 C 0.9428(12) 0.3730(10) -0.1382(9) 0.097(4) Uani 1 1 d . . .  
C13 C 0.3532(11) 0.7141(9) -0.1297(7) 0.082(3) Uani 1 1 d . . .  
C12 C 0.4827(12) 0.8006(12) -0.1405(8) 0.108(5) Uani 1 1 d . . .  
C14 C 0.4147(9) 0.6346(9) -0.0473(10) 0.097(4) Uani 1 1 d . . .  
C15 C 0.6269(10) 0.7335(8) -0.1070(6) 0.070(2) Uani 1 1 d . . .  
C16 C -0.1488(18) -0.0260(19) 0.3614(9) 0.135(6) Uani 1 1 d . . .  
C17 C 0.8034(10) 0.4382(10) -0.1054(7) 0.084(3) Uani 1 1 d . . .  
O7 O 0.8565(6) 0.5196(5) 0.2025(4) 0.0632(15) Uani 1 1 d . . .  
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O8 O 0.0741(5) 0.0173(4) 0.6905(4) 0.0504(12) Uani 1 1 d . . .  
C18 C 0.1263(10) -0.0628(10) 0.7671(7) 0.084(3) Uani 1 1 d . . .  
C19 C -0.0916(8) 0.0394(8) 0.7077(8) 0.079(3) Uani 1 1 d . . .  
C20 C -0.1398(13) -0.0327(11) 0.7944(9) 0.094(4) Uani 1 1 d . . .  
C21 C -0.0134(11) -0.1205(11) 0.8047(9) 0.093(4) Uani 1 1 d . . .  
C28 C 1.006(3) 0.5586(19) 0.234(2) 0.34(2) Uani 1 1 d . . .  
C27 C 0.827(2) 0.4125(15) 0.252(2) 0.222(13) Uani 1 1 d . . .  
C29 C 1.0716(19) 0.467(2) 0.2996(10) 0.147(8) Uani 1 1 d . . .  
C30 C 0.966(3) 0.3828(18) 0.3082(13) 0.151(8) Uani 1 1 d . . .  
O9 O 0.3520(5) 0.1654(4) 0.6920(3) 0.0455(11) Uani 1 1 d . . .  
C32 C 1.0884(13) 0.9859(8) 0.0778(8) 0.082(3) Uani 1 1 d . . .  
C33 C 1.1120(12) 0.8714(9) 0.0815(11) 0.094(3) Uani 1 1 d . . .  
C31 C 0.9375(17) 1.0570(13) 0.0795(12) 0.108(4) Uani 1 1 d . . .  
O10 O 0.5808(6) 0.6729(5) 0.1972(4) 0.0610(15) Uani 1 1 d . . .  
C34 C 0.582(2) 0.7891(17) 0.2114(19) 0.263(17) Uani 1 1 d . . .  
C36 C 0.939(2) 0.7731(11) 0.0829(8) 0.100(5) Uani 1 1 d . . .  
C38 C 0.9023(16) 1.1514(13) 0.0767(12) 0.115(5) Uani 1 1 d . . .  
O11 O 1.3686(12) 0.9884(13) 0.0735(8) 0.161(6) Uani 1 1 d . . .  
C40 C 1.0556(19) 1.200(2) 0.080(2) 0.236(14) Uani 1 1 d . . .  
C42 C 1.1850(13) 1.1843(9) 0.0832(8) 0.077(3) Uani 1 1 d . . .  
C41 C 1.2253(12) 1.0794(13) 0.0761(8) 0.084(3) Uani 1 1 d . . .  
C47 C 0.0235(14) 0.6554(8) 0.5806(12) 0.103(4) Uani 1 1 d . . .  
C51 C 0.5759(9) 0.2175(9) 0.7873(7) 0.078(3) Uani 1 1 d . . .  
C50 C 0.4443(12) 0.3001(11) 0.8067(9) 0.102(4) Uani 1 1 d . . .  
C48 C 0.5173(11) 0.1355(10) 0.7117(12) 0.102(4) Uani 1 1 d . . .  
C49 C 0.3014(11) 0.2372(9) 0.7664(7) 0.077(3) Uani 1 1 d . . .  
C54 C 0.452(2) 0.7933(18) 0.3076(10) 0.145(7) Uani 1 1 d . . .  
C53 C 0.3518(17) 0.7134(15) 0.2990(12) 0.123(5) Uani 1 1 d . . .  
C57 C -0.2857(16) 0.585(2) 0.5886(7) 0.127(6) Uani 1 1 d . . .  
C55 C 0.0008(13) 0.5429(11) 0.5859(9) 0.089(3) Uani 1 1 d . . .  
C58 C -0.2531(11) 0.6788(9) 0.5835(7) 0.067(2) Uani 1 1 d . . .  
C59 C -0.1165(13) 0.7152(17) 0.5798(11) 0.149(8) Uani 1 1 d . . .  
C56 C -0.1490(11) 0.4895(7) 0.5829(5) 0.060(2) Uani 1 1 d . . .  
C60 C -0.1785(11) 0.3696(7) 0.5814(9) 0.075(2) Uani 1 1 d . . .  
O12 O -0.413(2) 0.5008(13) 0.5898(8) 0.174(6) Uani 1 1 d . . .  
C61 C 0.475(3) 0.609(2) 0.268(2) 0.259(16) Uani 1 1 d . . .  
C64 C 1.4960(15) 1.101(3) 0.0736(15) 0.232(15) Uani 1 1 d . . .  
N2 N 0.0505(5) 0.2542(4) 0.5760(3) 0.0235(10) Uani 1 1 d . . .  
C68 C -0.5751(18) 0.576(3) 0.5852(13) 0.28(2) Uani 1 1 d . . .  
C69 C -0.0342(15) 0.2879(8) 0.5808(6) 0.076(3) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
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 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Mg1 0.0302(8) 0.0261(8) 0.0366(9) -0.0009(6) 0.0028(6) 0.0039(6)  
Cl5 0.0721(15) 0.0716(15) 0.1040(17) -0.0052(13) 0.0080(12) 0.0074(12)  
Mg2 0.0308(8) 0.0249(8) 0.0374(9) 0.0012(6) 0.0000(6) -0.0010(6)  
O2 0.049(3) 0.061(3) 0.080(3) -0.033(3) -0.012(3) 0.001(3)  
O1 0.055(3) 0.074(4) 0.046(2) 0.007(2) 0.007(2) -0.013(3)  
C2 0.075(8) 0.216(19) 0.117(10) 0.051(11) 0.056(7) -0.019(10)  
C3 0.150(13) 0.23(2) 0.228(19) 0.197(18) 0.122(14) 0.086(14)  
C1 0.31(3) 0.141(14) 0.34(3) -0.074(16) 0.27(3) -0.132(16)  
C5 0.187(16) 0.181(17) 0.40(3) -0.23(2) -0.23(2) 0.111(14)  
C4 0.204(18) 0.148(14) 0.32(3) -0.192(18) -0.085(19) 0.004(14)  
C6 0.109(11) 0.199(18) 0.151(13) -0.133(14) 0.009(10) -0.032(11)  
N1 0.0035(15) 0.031(3) 0.038(3) -0.012(2) -0.0029(15) -0.014(2)  
Cl3 0.0913(19) 0.0811(18) 0.112(2) 0.0033(15) 0.0067(15) -0.0129(15)  
O4 0.043(2) 0.051(3) 0.040(2) 0.0085(19) -0.0112(17) -0.007(2)  
O6 0.040(2) 0.044(3) 0.067(3) -0.019(2) 0.007(2) -0.009(2)  
C7 0.216(19) 0.24(2) 0.45(4) 0.31(3) 0.24(2) 0.160(17)  
C8 0.039(4) 0.073(6) 0.107(6) -0.050(5) 0.021(4) -0.016(4)  
C9 0.069(6) 0.122(9) 0.098(7) -0.083(7) 0.029(5) -0.025(6)  
C10 0.070(6) 0.098(8) 0.124(8) -0.075(7) 0.023(6) -0.028(6)  
C13 0.072(5) 0.093(7) 0.082(5) 0.057(5) -0.039(4) -0.034(5)  
C12 0.074(6) 0.146(11) 0.104(8) 0.076(8) -0.041(5) -0.057(7)  
C14 0.038(4) 0.087(7) 0.167(10) 0.073(7) -0.031(5) -0.023(4)  
C15 0.065(5) 0.077(6) 0.068(5) 0.038(4) 0.003(4) 0.000(4)  
C16 0.105(10) 0.224(19) 0.076(7) -0.033(9) -0.043(7) -0.046(11)  
C17 0.057(5) 0.130(9) 0.066(5) -0.057(6) -0.011(4) 0.005(5)  
O7 0.044(3) 0.069(4) 0.076(3) 0.022(3) -0.007(2) 0.001(3)  
O8 0.034(2) 0.056(3) 0.061(3) 0.032(2) 0.0133(19) 0.021(2)  
C18 0.053(4) 0.129(9) 0.071(5) 0.056(6) -0.004(4) 0.018(5)  
C19 0.032(3) 0.083(6) 0.121(7) 0.060(5) 0.032(4) 0.018(3)  
C20 0.085(7) 0.099(8) 0.097(7) 0.064(6) 0.030(5) 0.000(6)  
C21 0.055(5) 0.109(8) 0.114(8) 0.069(7) 0.003(5) 0.009(5)  
C28 0.32(3) 0.20(2) 0.49(4) 0.18(3) -0.37(3) -0.10(2)  
C27 0.154(14) 0.135(13) 0.38(3) 0.201(19) -0.080(18) -0.047(12)  
C29 0.114(11) 0.25(2) 0.080(7) 0.040(11) -0.024(7) 0.096(13)  
C30 0.156(15) 0.178(18) 0.118(11) 0.101(12) 0.008(11) 0.049(13)  
O9 0.036(2) 0.062(3) 0.039(2) -0.008(2) -0.0051(17) 0.000(2)  
C32 0.101(7) 0.061(6) 0.083(6) -0.007(4) 0.010(5) -0.048(5)  
C33 0.055(5) 0.066(6) 0.160(10) 0.012(6) -0.011(6) -0.013(4)  
C31 0.102(9) 0.093(9) 0.130(10) 0.032(8) -0.008(8) 0.018(8)  
O10 0.045(3) 0.090(4) 0.048(3) -0.027(3) 0.005(2) 0.006(3)  
C34 0.191(16) 0.208(18) 0.39(3) -0.26(2) 0.22(2) -0.137(15)  
C36 0.179(13) 0.084(9) 0.037(4) -0.005(5) -0.010(7) 0.114(9)  
C38 0.092(8) 0.099(10) 0.153(12) 0.034(9) -0.032(8) -0.037(8)  
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O11 0.100(7) 0.278(16) 0.106(6) -0.047(8) 0.015(5) -0.091(9)  
C40 0.094(11) 0.30(3) 0.31(3) 0.09(2) -0.055(14) -0.153(17)  
C42 0.068(6) 0.076(7) 0.086(6) 0.010(5) 0.002(5) -0.014(5)  
C41 0.058(5) 0.137(11) 0.058(5) 0.002(5) 0.013(4) 0.042(6)  
C47 0.088(8) 0.032(5) 0.189(13) -0.002(6) 0.015(8) 0.018(4)  
C51 0.050(4) 0.106(7) 0.080(5) -0.055(5) -0.031(4) 0.020(5)  
C50 0.068(6) 0.119(9) 0.118(8) -0.082(7) -0.041(6) 0.044(6)  
C48 0.045(5) 0.079(7) 0.182(13) -0.021(8) -0.027(6) 0.003(5)  
C49 0.069(5) 0.082(6) 0.081(6) -0.045(5) 0.010(4) -0.003(5)  
C54 0.133(12) 0.220(18) 0.083(8) -0.088(10) 0.042(8) 0.038(12)  
C53 0.098(9) 0.132(13) 0.138(11) -0.030(9) 0.080(9) 0.003(9)  
C57 0.086(7) 0.260(19) 0.036(4) -0.008(7) 0.007(4) -0.093(10)  
C55 0.079(7) 0.093(8) 0.096(7) 0.002(6) -0.011(5) -0.017(6)  
C58 0.051(5) 0.074(6) 0.075(5) -0.006(4) 0.009(4) 0.010(4)  
C59 0.056(6) 0.26(2) 0.128(10) -0.011(12) -0.001(6) 0.109(10)  
C56 0.077(5) 0.058(5) 0.046(4) 0.014(3) 0.006(3) 0.029(4)  
C60 0.068(5) 0.044(4) 0.113(7) -0.001(4) -0.001(5) 0.013(4)  
O12 0.245(17) 0.189(12) 0.089(6) -0.012(7) -0.001(8) 0.018(12)  
C61 0.24(2) 0.193(19) 0.35(3) -0.006(19) 0.26(3) 0.020(16)  
C64 0.054(7) 0.48(4) 0.165(15) 0.07(2) -0.014(8) -0.112(15)  
N2 0.0079(16) 0.030(2) 0.033(2) 0.0043(17) -0.0029(15) 0.0167(16)  
C68 0.077(10) 0.68(6) 0.098(11) 0.02(2) 0.014(8) 0.18(2)  
C69 0.112(9) 0.060(6) 0.055(4) -0.003(4) 0.003(5) -0.059(6)  
  
_geom_special_details  
;  
 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  
 treatment of cell esds is used for estimating esds involving l.s. planes.  
;  
  
loop_  
 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Mg1 O1 2.091(5) . ?  
Mg1 O9 2.105(4) . ?  
Mg1 O8 2.116(4) . ?  
Mg1 O2 2.113(5) . ?  
Mg1 N2 2.378(5) . ?  
Mg1 Cl5 2.385(3) . ?  
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Mg2 O6 2.083(5) . ?  
Mg2 O10 2.091(5) . ?  
Mg2 O7 2.104(6) . ?  
Mg2 O4 2.120(4) . ?  
Mg2 N1 2.407(5) . ?  
Mg2 Cl3 2.386(3) . ?  
O2 C5 1.471(14) . ?  
O2 C4 1.479(15) . ?  
O1 C7 1.316(19) . ?  
O1 C1 1.519(18) . ?  
C2 C3 1.34(2) . ?  
C2 C1 1.56(2) . ?  
C3 C7 1.589(19) . ?  
C5 C16 1.537(17) . ?  
C4 C6 1.49(2) . ?  
C6 C16 1.42(3) . ?  
N1 C36 0.53(2) . ?  
O4 C15 1.364(8) . ?  
O4 C14 1.453(8) . ?  
O6 C17 1.479(9) . ?  
O6 C8 1.462(8) . ?  
C8 C9 1.468(11) . ?  
C9 C10 1.528(13) . ?  
C10 C17 1.475(15) . ?  
C13 C12 1.503(12) . ?  
C13 C14 1.521(11) . ?  
C12 C15 1.521(15) . ?  
O7 C27 1.435(12) . ?  
O7 C28 1.408(18) . ?  
O8 C19 1.449(8) . ?  
O8 C18 1.448(9) . ?  
C18 C21 1.453(13) . ?  
C19 C20 1.478(11) . ?  
C20 C21 1.494(16) . ?  
C28 C29 1.49(2) . ?  
C27 C30 1.44(2) . ?  
C29 C30 1.34(3) . ?  
O9 C49 1.361(9) . ?  
O9 C48 1.471(11) . ?  
C32 C33 1.360(15) . ?  
C32 C41 1.599(17) . ?  
C32 C31 1.530(18) . ?  
C33 C36 1.87(2) . ?  
C31 C38 1.148(19) . ?  
O10 C34 1.377(18) . ?  
O10 C61 1.491(18) . ?  
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C34 C54 1.680(18) . ?  
C38 C40 1.423(15) . ?  
O11 C41 1.620(18) . ?  
O11 C64 1.71(3) . ?  
C40 C42 1.12(2) . ?  
C42 C41 1.281(17) . ?  
C47 C55 1.336(15) . ?  
C47 C59 1.381(14) . ?  
C51 C48 1.470(14) . ?  
C51 C50 1.501(13) . ?  
C50 C49 1.517(13) . ?  
C54 C53 1.27(2) . ?  
C53 C61 1.66(2) . ?  
C57 C58 1.14(2) . ?  
C57 O12 1.47(2) . ?  
C57 C56 1.62(2) . ?  
C57 C59 2.10(2) . ?  
C55 C56 1.419(14) . ?  
C58 C59 1.238(18) . ?  
C56 C60 1.429(12) . ?  
C60 C69 1.557(17) . ?  
O12 C68 1.64(2) . ?  
N2 C69 0.824(13) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
O1 Mg1 O9 91.0(2) . . ?  
O1 Mg1 O8 176.0(3) . . ?  
O9 Mg1 O8 88.0(2) . . ?  
O1 Mg1 O2 90.5(2) . . ?  
O9 Mg1 O2 177.9(2) . . ?  
O8 Mg1 O2 90.4(2) . . ?  
O1 Mg1 N2 86.7(2) . . ?  
O9 Mg1 N2 89.35(19) . . ?  
O8 Mg1 N2 89.44(18) . . ?  
O2 Mg1 N2 89.4(2) . . ?  
O1 Mg1 Cl5 93.0(2) . . ?  
O9 Mg1 Cl5 90.73(17) . . ?  
O8 Mg1 Cl5 90.82(15) . . ?  
O2 Mg1 Cl5 90.53(18) . . ?  
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N2 Mg1 Cl5 179.73(18) . . ?  
O6 Mg2 O10 176.8(3) . . ?  
O6 Mg2 O7 91.6(2) . . ?  
O10 Mg2 O7 89.6(2) . . ?  
O6 Mg2 O4 89.3(2) . . ?  
O10 Mg2 O4 89.5(2) . . ?  
O7 Mg2 O4 178.6(3) . . ?  
O6 Mg2 N1 90.1(2) . . ?  
O10 Mg2 N1 86.9(2) . . ?  
O7 Mg2 N1 90.4(2) . . ?  
O4 Mg2 N1 88.4(2) . . ?  
O6 Mg2 Cl3 91.36(16) . . ?  
O10 Mg2 Cl3 91.6(2) . . ?  
O7 Mg2 Cl3 90.86(19) . . ?  
O4 Mg2 Cl3 90.27(16) . . ?  
N1 Mg2 Cl3 178.1(2) . . ?  
C5 O2 C4 114.0(9) . . ?  
C5 O2 Mg1 123.1(5) . . ?  
C4 O2 Mg1 122.5(8) . . ?  
C7 O1 C1 108.1(11) . . ?  
C7 O1 Mg1 125.8(9) . . ?  
C1 O1 Mg1 125.8(7) . . ?  
C3 C2 C1 98.5(16) . . ?  
C2 C3 C7 104.5(9) . . ?  
O1 C1 C2 99.1(12) . . ?  
O2 C5 C16 103.1(11) . . ?  
O2 C4 C6 101.8(15) . . ?  
C16 C6 C4 113.3(12) . . ?  
C36 N1 Mg2 143.5(19) . . ?  
C15 O4 C14 108.3(6) . . ?  
C15 O4 Mg2 127.4(5) . . ?  
C14 O4 Mg2 123.0(4) . . ?  
C17 O6 C8 107.9(6) . . ?  
C17 O6 Mg2 125.8(5) . . ?  
C8 O6 Mg2 126.3(4) . . ?  
O1 C7 C3 104.7(17) . . ?  
O6 C8 C9 104.2(6) . . ?  
C8 C9 C10 107.9(8) . . ?  
C17 C10 C9 98.5(9) . . ?  
C12 C13 C14 103.3(6) . . ?  
C13 C12 C15 102.3(9) . . ?  
O4 C14 C13 106.7(6) . . ?  
O4 C15 C12 105.4(7) . . ?  
C6 C16 C5 107.7(10) . . ?  
C10 C17 O6 106.7(7) . . ?  
C27 O7 C28 108.2(10) . . ?  
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C27 O7 Mg2 125.0(8) . . ?  
C28 O7 Mg2 126.1(8) . . ?  
C19 O8 C18 107.8(5) . . ?  
C19 O8 Mg1 126.3(4) . . ?  
C18 O8 Mg1 125.9(4) . . ?  
O8 C18 C21 106.8(7) . . ?  
O8 C19 C20 106.7(7) . . ?  
C19 C20 C21 105.4(8) . . ?  
C18 C21 C20 103.6(8) . . ?  
O7 C28 C29 105.9(16) . . ?  
O7 C27 C30 107.5(13) . . ?  
C30 C29 C28 109.1(14) . . ?  
C29 C30 C27 109.2(12) . . ?  
C49 O9 C48 108.8(7) . . ?  
C49 O9 Mg1 127.3(5) . . ?  
C48 O9 Mg1 123.5(6) . . ?  
C33 C32 C41 124.8(10) . . ?  
C33 C32 C31 131.5(9) . . ?  
C41 C32 C31 103.6(9) . . ?  
C32 C33 C36 119.6(9) . . ?  
C38 C31 C32 138.1(15) . . ?  
C34 O10 C61 114.5(11) . . ?  
C34 O10 Mg2 123.1(7) . . ?  
C61 O10 Mg2 122.4(9) . . ?  
O10 C34 C54 97.3(13) . . ?  
N1 C36 C33 160(2) . . ?  
C31 C38 C40 98.6(18) . . ?  
C41 O11 C64 88.0(13) . . ?  
C42 C40 C38 147(2) . . ?  
C40 C42 C41 114.8(16) . . ?  
C42 C41 C32 117.6(9) . . ?  
C42 C41 O11 146.7(12) . . ?  
C32 C41 O11 95.4(10) . . ?  
C55 C47 C59 112.2(13) . . ?  
C48 C51 C50 106.6(7) . . ?  
C51 C50 C49 102.9(8) . . ?  
C51 C48 O9 106.6(9) . . ?  
O9 C49 C50 107.4(7) . . ?  
C53 C54 C34 110.6(10) . . ?  
C54 C53 C61 98.2(14) . . ?  
C58 C57 O12 146(2) . . ?  
C58 C57 C56 119.6(10) . . ?  
O12 C57 C56 93.5(15) . . ?  
C58 C57 C59 29.1(7) . . ?  
O12 C57 C59 175.0(15) . . ?  
C56 C57 C59 90.6(7) . . ?  
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C47 C55 C56 124.4(11) . . ?  
C59 C58 C57 124.4(14) . . ?  
C58 C59 C47 129.2(17) . . ?  
C58 C59 C57 26.5(9) . . ?  
C47 C59 C57 102.7(13) . . ?  
C55 C56 C60 126.3(9) . . ?  
C55 C56 C57 109.6(9) . . ?  
C60 C56 C57 123.9(9) . . ?  
C56 C60 C69 118.0(8) . . ?  
C57 O12 C68 105.0(19) . . ?  
O10 C61 C53 99.5(15) . . ?  
C69 N2 Mg1 154.7(7) . . ?  
N2 C69 C60 169.8(10) . . ?  
  
_diffrn_measured_fraction_theta_max    0.884  
_diffrn_reflns_theta_full              32.38  
_diffrn_measured_fraction_theta_full   0.884  
_refine_diff_density_max    1.501  
_refine_diff_density_min   -0.563  
_refine_diff_density_rms    0.139 
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6.2. NMR Data for Metalated Cyclohexane Carbonitrile (72/45a/43a) 
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6.3. Miscellaneous NMR and Crystallographic Data  
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ORTEP of 1-(phenylsulfinyl)cyclohexanecarbonitrile 
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CIF Data 1-(phenylsulfinyl)cyclohexanecarbonitrile 
 
 
 
data_chcnsoph_0m  
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             '1-(phenylsulfinyl)cyclohexanecarbonitrile'  
_chemical_melting_point           ?  
_chemical_formula_moiety          'C13 H15 N O S'   
_chemical_formula_sum     'C13 H15 N O S'  
_chemical_formula_weight          233.32  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'S'  'S'   0.1246   0.1234  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            Monoclinic   
_symmetry_space_group_name_H-M    'P 21/c 
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z+1/2'  
 '-x, -y, -z'  
 'x, -y-1/2, z-1/2'  
  
_cell_length_a                    12.3831(3)  
_cell_length_b                    6.21950(10)  
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_cell_length_c                    16.9598(3)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  110.8530(10)  
_cell_angle_gamma                 90.00  
_cell_volume                      1220.63(4)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     296(2)  
_cell_measurement_reflns_used     ?  
_cell_measurement_theta_min       ?  
_cell_measurement_theta_max       ?  
  
_exptl_crystal_description        Cubic  
_exptl_crystal_colour             Colorless 
_exptl_crystal_size_max           0.76  
_exptl_crystal_size_mid           0.61  
_exptl_crystal_size_min           0.20  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.270  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              496  
_exptl_absorpt_coefficient_mu     0.243  
_exptl_absorpt_correction_type    ?  
_exptl_absorpt_correction_T_min   0.8362  
_exptl_absorpt_correction_T_max   0.9518  
_exptl_absorpt_process_details    'SADABS (Sheldrick, 2002)'  
  
_exptl_special_details  
;  
 ?  
;  
  
_diffrn_ambient_temperature       296(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device_type   'Bruker Smart ApexII' 
_diffrn_measurement_method        '\f and \w scans' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_reflns_number             20896  
_diffrn_reflns_av_R_equivalents   0.1432  
_diffrn_reflns_av_sigmaI/netI     0.0716  
_diffrn_reflns_limit_h_min        -18  
_diffrn_reflns_limit_h_max        18  
_diffrn_reflns_limit_k_min        -9  
_diffrn_reflns_limit_k_max        9  
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_diffrn_reflns_limit_l_min        -25  
_diffrn_reflns_limit_l_max        25  
_diffrn_reflns_theta_min          1.76  
_diffrn_reflns_theta_max          32.44  
_reflns_number_total              4177  
_reflns_number_gt                 3353  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection        'SMART (Bruker, 1998)'  
_computing_cell_refinement        'SAINT (Bruker, 1998)'  
_computing_data_reduction         'SAINT' 
_computing_structure_solution     'SHELXS-97 (Sheldrick, 2008)'  
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 2008)'  
_computing_molecular_graphics     'SHELXTL (Sheldrick, 2000)' 
_computing_publication_material   'ORTEP-3 for windows (Faruggia, 1997)' 
  
_refine_special_details  
;  
 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.1000P)^2^+0.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     mixed  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          4177  
_refine_ls_number_parameters      145  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.1006  
_refine_ls_R_factor_gt            0.0907  
_refine_ls_wR_factor_ref          0.2803  
_refine_ls_wR_factor_gt           0.2723  
_refine_ls_goodness_of_fit_ref    1.942  
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_refine_ls_restrained_S_all       1.942  
_refine_ls_shift/su_max           0.001  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
S1 S 0.14327(4) 0.74599(7) 0.34680(3) 0.0435(2) Uani 1 1 d . . .  
C2 C 0.19704(15) 0.8030(3) 0.25916(10) 0.0351(3) Uani 1 1 d . . .  
C8 C 0.26342(16) 0.8296(3) 0.43616(10) 0.0375(4) Uani 1 1 d . . .  
C3 C 0.21149(18) 1.0455(3) 0.25142(11) 0.0439(4) Uani 1 1 d . . .  
C1 C 0.30645(17) 0.6887(3) 0.27656(11) 0.0418(4) Uani 1 1 d . . .  
C7 C 0.10296(18) 0.7110(3) 0.17930(13) 0.0462(4) Uani 1 1 d . . .  
C9 C 0.2688(2) 1.0403(3) 0.46535(12) 0.0466(5) Uani 1 1 d . . .  
C13 C 0.34351(19) 0.6773(3) 0.48057(12) 0.0457(4) Uani 1 1 d . . .  
C5 C 0.1422(2) 1.0107(4) 0.09339(13) 0.0609(6) Uani 1 1 d . . .  
C4 C 0.2362(2) 1.0982(3) 0.17078(13) 0.0547(5) Uani 1 1 d . . .  
C6 C 0.1299(2) 0.7682(4) 0.09996(13) 0.0545(6) Uani 1 1 d . . .  
C10 C 0.3580(2) 1.0944(4) 0.54000(14) 0.0564(6) Uani 1 1 d . . .  
C11 C 0.4351(2) 0.9421(4) 0.58530(14) 0.0603(6) Uani 1 1 d . . .  
C12 C 0.4313(2) 0.7346(4) 0.55536(15) 0.0587(6) Uani 1 1 d . . .  
O1 O 0.13690(16) 0.5079(3) 0.35172(11) 0.0657(5) Uani 1 1 d . . .  
N1 N 0.39124(19) 0.5981(4) 0.29010(13) 0.0665(6) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
S1 0.0372(3) 0.0492(3) 0.0466(3) 0.00585(16) 0.0181(2) -0.00159(16)  
C2 0.0334(8) 0.0337(6) 0.0362(7) 0.0018(5) 0.0101(6) 0.0024(6)  
C8 0.0444(9) 0.0359(7) 0.0364(7) 0.0063(6) 0.0197(7) 0.0048(7)  
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C3 0.0609(12) 0.0328(7) 0.0422(8) 0.0038(6) 0.0234(8) 0.0023(7)  
C1 0.0405(9) 0.0439(8) 0.0397(8) 0.0015(6) 0.0127(7) 0.0056(7)  
C7 0.0383(10) 0.0512(9) 0.0432(9) -0.0053(7) 0.0075(8) -0.0012(7)  
C9 0.0632(13) 0.0389(8) 0.0441(9) 0.0022(7) 0.0271(9) 0.0045(8)  
C13 0.0516(11) 0.0409(9) 0.0450(9) 0.0088(7) 0.0177(8) 0.0085(8)  
C5 0.0762(17) 0.0660(14) 0.0402(9) 0.0125(8) 0.0203(11) 0.0136(12)  
C4 0.0755(15) 0.0464(9) 0.0481(10) 0.0072(7) 0.0293(10) -0.0002(9)  
C6 0.0560(14) 0.0655(14) 0.0369(9) -0.0044(7) 0.0101(9) 0.0048(9)  
C10 0.0786(16) 0.0503(10) 0.0464(10) -0.0059(8) 0.0299(10) -0.0099(10)  
C11 0.0570(13) 0.0782(15) 0.0458(10) -0.0027(10) 0.0184(10) -0.0122(11)  
C12 0.0524(14) 0.0670(14) 0.0513(12) 0.0123(9) 0.0118(11) 0.0087(10)  
O1 0.0727(12) 0.0535(9) 0.0690(10) 0.0059(7) 0.0229(9) -0.0257(8)  
N1 0.0551(12) 0.0850(15) 0.0580(11) 0.0058(10) 0.0184(9) 0.0278(10)  
  
_geom_special_details  
;  
 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  
 treatment of cell esds is used for estimating esds involving l.s. planes.  
;  
  
loop_  
 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
S1 O1 1.4869(17) . ?  
S1 C8 1.7819(19) . ?  
S1 C2 1.8664(18) . ?  
C2 C1 1.464(2) . ?  
C2 C3 1.530(2) . ?  
C2 C7 1.548(3) . ?  
C8 C13 1.384(3) . ?  
C8 C9 1.394(2) . ?  
C3 C4 1.539(3) . ?  
C1 N1 1.141(3) . ?  
C7 C6 1.539(3) . ?  
C9 C10 1.393(3) . ?  
C13 C12 1.391(3) . ?  
C5 C4 1.512(3) . ?  
C5 C6 1.524(3) . ?  
C10 C11 1.370(4) . ?  
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C11 C12 1.382(4) . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
O1 S1 C8 106.72(9) . . ?  
O1 S1 C2 105.96(9) . . ?  
C8 S1 C2 101.26(8) . . ?  
C1 C2 C3 111.58(16) . . ?  
C1 C2 C7 110.55(15) . . ?  
C3 C2 C7 111.36(14) . . ?  
C1 C2 S1 108.30(12) . . ?  
C3 C2 S1 109.97(12) . . ?  
C7 C2 S1 104.82(13) . . ?  
C13 C8 C9 121.03(18) . . ?  
C13 C8 S1 118.87(14) . . ?  
C9 C8 S1 119.75(14) . . ?  
C2 C3 C4 110.64(14) . . ?  
N1 C1 C2 179.4(2) . . ?  
C6 C7 C2 110.46(17) . . ?  
C10 C9 C8 118.18(19) . . ?  
C8 C13 C12 119.8(2) . . ?  
C4 C5 C6 111.04(17) . . ?  
C5 C4 C3 111.04(19) . . ?  
C5 C6 C7 110.55(17) . . ?  
C11 C10 C9 120.8(2) . . ?  
C10 C11 C12 120.9(2) . . ?  
C11 C12 C13 119.2(2) . . ?  
  
_diffrn_measured_fraction_theta_max    0.948  
_diffrn_reflns_theta_full              32.44  
_diffrn_measured_fraction_theta_full   0.948  
_refine_diff_density_max    0.871  
_refine_diff_density_min   -1.049  
_refine_diff_density_rms    0.235 
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ORTEP of (2Z,3E)-2-(3,4-dimethoxybenzylidene)-5-(3,4-dimethoxyphenyl)pent-3-
enenitrile 
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CIF Data for (2Z,3E)-2-(3,4-dimethoxybenzylidene)-5-(3,4-dimethoxyphenyl)pent-3-
enenitrile 
 
 
 
data_publication_text 
_publ_contact_author_name        'Professor Fraser Fleming' 
_publ_contact_author_address      
;Duquesne University 
Department of Chemistry and Biochemistry 
600 Forbes Avenue, 308 Mellon Hall 
Pittsburgh, PA 15282 
; 
_publ_contact_author_email       flemingf@duq.edu 
_publ_contact_author_phone       '(412) 396-6031' 
_publ_contact_author_fax         '(412) 396-5683' 
loop_ 
_publ_author_name 
_publ_author_address 
'Fleming, F' 
;Duquesne University 
Department of Chemistry and Biochemistry 
600 Forbes Avenue, 308 Mellon Hall 
Pittsburgh, PA 15282 
; 
 
  
data_pita2  
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_systematic    '(2Z,3E)-2-(3,4-dimethoxybenzylidene)-5-(3,4-
dimethoxyphenyl)pent-3-enenitrile'  
_chemical_name_common             'Morinol I Nitrile' 
_chemical_melting_point           ?  
_chemical_formula_moiety          'C22 H23 N O4'  
_chemical_formula_sum     'C22 H23 N O4'  
_chemical_formula_weight          365.41  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
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 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            Triclinic  
_symmetry_space_group_name_H-M    'P -1' 
_symmetry_space_group_name_Hall   '-P 1' 
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, -z'  
  
_cell_length_a                    7.7171(2)  
_cell_length_b                    8.9158(2)  
_cell_length_c                    15.6711(5)  
_cell_angle_alpha                 100.275(2)  
_cell_angle_beta                  100.391(2)  
_cell_angle_gamma                 107.028(2)  
_cell_volume                      982.94(5)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     296(2)  
_cell_measurement_reflns_used     4396  
_cell_measurement_theta_min       2.455  
_cell_measurement_theta_max       28.610  
  
_exptl_crystal_description        rhomboid  
_exptl_crystal_colour             colorless 
_exptl_crystal_size_max           0.60  
_exptl_crystal_size_mid           0.54  
_exptl_crystal_size_min           0.10  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.235  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              388  
_exptl_absorpt_coefficient_mu     0.085  
_exptl_absorpt_correction_type    'multi-scan'  
_exptl_absorpt_correction_T_min   0.9509  
_exptl_absorpt_correction_T_max   0.9916  
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_exptl_absorpt_process_details    'SADABS (Sheldrick, 2002)' 
  
_exptl_special_details  
;  
 ?  
;  
  
_diffrn_ambient_temperature       296(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device_type   'Bruker Smart ApexII' 
_diffrn_measurement_method        '\f and \w scans' 
_diffrn_detector_area_resol_mean  ? 
_diffrn_standards_number   5044 
_diffrn_standards_interval_count  0 
_diffrn_standards_interval_time   0  
_diffrn_reflns_number             14776  
_diffrn_reflns_av_R_equivalents   0.0195  
_diffrn_reflns_av_sigmaI/netI     0.0246  
_diffrn_reflns_limit_h_min        -10  
_diffrn_reflns_limit_h_max        10  
_diffrn_reflns_limit_k_min        -12  
_diffrn_reflns_limit_k_max        12  
_diffrn_reflns_limit_l_min        -21  
_diffrn_reflns_limit_l_max        21  
_diffrn_reflns_theta_min          1.36  
_diffrn_reflns_theta_max          28.75  
_reflns_number_total              5044  
_reflns_number_gt                 3553  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection        'SMART (Bruker, 1998)'  
_computing_cell_refinement        'SAINT (Bruker, 1998)'  
_computing_data_reduction         'SAINT' 
_computing_structure_solution     'SHELXS-97 (Sheldrick, 2008)'  
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 2008)'  
_computing_molecular_graphics     'SHELXTL (Sheldrick, 2000)' 
_computing_publication_material   'ORTEP-3 for windows (Faruggia, 1997)' 
  
_refine_special_details  
;  
 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
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 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.1000P)^2^+0.5430P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     mixed  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_number_reflns          5044  
_refine_ls_number_parameters      248  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0726  
_refine_ls_R_factor_gt            0.0504  
_refine_ls_wR_factor_ref          0.1690  
_refine_ls_wR_factor_gt           0.1481  
_refine_ls_goodness_of_fit_ref    0.805  
_refine_ls_restrained_S_all       0.805  
_refine_ls_shift/su_max           0.000  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
C18 C -0.1953(2) 0.9142(2) 0.21823(11) 0.0429(4) Uani 1 1 d . . .  
H18 H -0.3044 0.8443 0.2257 0.051 Uiso 1 1 calc R . .  
C13 C -0.0275(2) 0.8547(2) 0.34910(11) 0.0426(4) Uani 1 1 d . . .  
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H13 H -0.1324 0.7626 0.3372 0.051 Uiso 1 1 calc R . .  
C4 C 0.2806(2) 0.6073(2) 0.75635(11) 0.0424(4) Uani 1 1 d . . .  
H4 H 0.2092 0.6429 0.7919 0.051 Uiso 1 1 calc R . .  
C12 C 0.0919(2) 0.88488(19) 0.42869(11) 0.0409(4) Uani 1 1 d . . .  
C14 C 0.1380(2) 1.0417(2) 0.26373(11) 0.0460(4) Uani 1 1 d . . .  
H14 H 0.2531 1.0610 0.3024 0.055 Uiso 1 1 calc R . .  
C3 C 0.4044(2) 0.53570(19) 0.79071(11) 0.0420(4) Uani 1 1 d . . .  
C11 C 0.0589(2) 0.7817(2) 0.49032(11) 0.0432(4) Uani 1 1 d . . .  
H11 H -0.0494 0.6916 0.4711 0.052 Uiso 1 1 calc R . .  
C5 C 0.2605(2) 0.62738(19) 0.66910(11) 0.0420(4) Uani 1 1 d . . .  
C2 C 0.5129(2) 0.48214(19) 0.73739(11) 0.0433(4) Uani 1 1 d . . .  
C9 C 0.1117(3) 0.6933(2) 0.63129(12) 0.0494(4) Uani 1 1 d . . .  
H9A H 0.0001 0.6029 0.5987 0.059 Uiso 1 1 calc R . .  
H9B H 0.0804 0.7535 0.6807 0.059 Uiso 1 1 calc R . .  
C16 C -0.0405(2) 1.0897(2) 0.13508(11) 0.0452(4) Uani 1 1 d . . .  
C1 C 0.4975(3) 0.5056(2) 0.65209(12) 0.0491(4) Uani 1 1 d . . .  
H1 H 0.5708 0.4724 0.6169 0.059 Uiso 1 1 calc R . .  
C6 C 0.3725(3) 0.5789(2) 0.61850(11) 0.0481(4) Uani 1 1 d . . .  
H6 H 0.3644 0.5953 0.5612 0.058 Uiso 1 1 calc R . .  
C17 C -0.2051(2) 0.9902(2) 0.14939(11) 0.0436(4) Uani 1 1 d . . .  
C15 C 0.1297(2) 1.1152(2) 0.19269(12) 0.0482(4) Uani 1 1 d . . .  
H15 H 0.2392 1.1820 0.1838 0.058 Uiso 1 1 calc R . .  
C10 C 0.1649(3) 0.8010(2) 0.57042(11) 0.0460(4) Uani 1 1 d . . .  
H10 H 0.2784 0.8857 0.5899 0.055 Uiso 1 1 calc R . .  
C20 C -0.5360(3) 0.9177(3) 0.11607(15) 0.0690(6) Uani 1 1 d . . .  
H20A H -0.5600 0.8064 0.1177 0.104 Uiso 1 1 calc R . .  
H20B H -0.6367 0.9262 0.0734 0.104 Uiso 1 1 calc R . .  
H20C H -0.5262 0.9807 0.1743 0.104 Uiso 1 1 calc R . .  
C19 C 0.0980(3) 1.2498(3) 0.04236(15) 0.0737(7) Uani 1 1 d . . .  
H19A H 0.1609 1.3464 0.0895 0.111 Uiso 1 1 calc R . .  
H19B H 0.0625 1.2784 -0.0128 0.111 Uiso 1 1 calc R . .  
H19C H 0.1804 1.1883 0.0361 0.111 Uiso 1 1 calc R . .  
C7 C 0.7333(4) 0.3466(3) 0.72279(18) 0.0799(7) Uani 1 1 d . . .  
H7A H 0.6500 0.2694 0.6698 0.120 Uiso 1 1 calc R . .  
H7B H 0.8046 0.2948 0.7562 0.120 Uiso 1 1 calc R . .  
H7C H 0.8165 0.4337 0.7063 0.120 Uiso 1 1 calc R . .  
C8 C 0.3243(4) 0.5663(4) 0.93023(16) 0.0913(9) Uani 1 1 d . . .  
H8A H 0.3463 0.6795 0.9349 0.137 Uiso 1 1 calc R . .  
H8B H 0.3597 0.5494 0.9888 0.137 Uiso 1 1 calc R . .  
H8C H 0.1939 0.5067 0.9043 0.137 Uiso 1 1 calc R . .  
C21 C -0.0229(2) 0.93994(19) 0.27772(10) 0.0404(3) Uani 1 1 d . . .  
O3 O 0.4318(2) 0.51207(18) 0.87528(8) 0.0569(4) Uani 1 1 d . . .  
O2 O 0.6280(2) 0.40863(18) 0.77617(10) 0.0595(4) Uani 1 1 d . . .  
O1 O -0.0646(2) 1.15530(18) 0.06351(9) 0.0617(4) Uani 1 1 d . . .  
O4 O -0.36650(18) 0.97603(19) 0.09071(9) 0.0611(4) Uani 1 1 d . . .  
C22 C 0.2588(2) 1.0310(2) 0.46122(11) 0.0457(4) Uani 1 1 d . . .  
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H22 H 0.1538 0.9386 0.4370 0.055 Uiso 1 1 calc R . .  
N1 N 0.3861(3) 1.1430(2) 0.49057(12) 0.0672(5) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
C18 0.0396(8) 0.0447(9) 0.0411(8) 0.0129(7) 0.0066(6) 0.0102(7)  
C13 0.0429(8) 0.0400(8) 0.0445(8) 0.0133(7) 0.0077(7) 0.0136(7)  
C4 0.0487(9) 0.0422(8) 0.0401(8) 0.0130(6) 0.0128(7) 0.0183(7)  
C12 0.0399(8) 0.0377(8) 0.0458(8) 0.0118(6) 0.0078(6) 0.0150(6)  
C14 0.0391(8) 0.0543(10) 0.0449(9) 0.0147(7) 0.0069(7) 0.0171(7)  
C3 0.0464(9) 0.0399(8) 0.0399(8) 0.0139(6) 0.0093(7) 0.0134(7)  
C11 0.0470(9) 0.0396(8) 0.0458(8) 0.0143(7) 0.0095(7) 0.0175(7)  
C5 0.0488(9) 0.0373(8) 0.0415(8) 0.0130(6) 0.0100(7) 0.0154(7)  
C2 0.0421(8) 0.0371(8) 0.0503(9) 0.0120(7) 0.0086(7) 0.0136(6)  
C9 0.0569(10) 0.0534(10) 0.0462(9) 0.0208(8) 0.0141(8) 0.0250(8)  
C16 0.0491(9) 0.0483(9) 0.0402(8) 0.0156(7) 0.0122(7) 0.0158(7)  
C1 0.0515(10) 0.0500(10) 0.0496(9) 0.0112(8) 0.0181(8) 0.0198(8)  
C6 0.0567(10) 0.0515(10) 0.0397(8) 0.0150(7) 0.0143(7) 0.0199(8)  
C17 0.0408(8) 0.0504(9) 0.0380(8) 0.0123(7) 0.0047(6) 0.0149(7)  
C15 0.0422(9) 0.0522(10) 0.0486(9) 0.0155(8) 0.0129(7) 0.0109(7)  
C10 0.0507(9) 0.0431(9) 0.0468(9) 0.0154(7) 0.0090(7) 0.0187(7)  
C20 0.0426(10) 0.1011(17) 0.0628(12) 0.0322(12) 0.0051(9) 0.0208(10)  
C19 0.0771(15) 0.0780(15) 0.0591(12) 0.0330(11) 0.0195(11) 0.0048(12)  
C7 0.0788(16) 0.0992(19) 0.0927(18) 0.0348(15) 0.0338(14) 0.0611(15)  
C8 0.113(2) 0.151(3) 0.0583(13) 0.0565(16) 0.0436(14) 0.084(2)  
C21 0.0425(8) 0.0409(8) 0.0382(8) 0.0099(6) 0.0069(6) 0.0162(6)  
O3 0.0669(9) 0.0738(9) 0.0453(7) 0.0278(6) 0.0170(6) 0.0365(7)  
O2 0.0619(8) 0.0679(9) 0.0636(8) 0.0230(7) 0.0167(6) 0.0388(7)  
O1 0.0585(8) 0.0754(9) 0.0524(7) 0.0346(7) 0.0119(6) 0.0142(7)  
O4 0.0430(7) 0.0887(10) 0.0506(7) 0.0335(7) 0.0028(5) 0.0162(7)  
C22 0.0446(9) 0.0458(9) 0.0441(8) 0.0132(7) 0.0060(7) 0.0131(7)  
N1 0.0623(11) 0.0617(11) 0.0632(11) 0.0144(8) 0.0065(8) 0.0057(9)  
  
_geom_special_details  
;  
 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  
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 treatment of cell esds is used for estimating esds involving l.s. planes.  
;  
  
loop_  
 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
C18 C17 1.375(2) . ?  
C18 C21 1.410(2) . ?  
C18 H18 0.9300 . ?  
C13 C12 1.341(2) . ?  
C13 C21 1.460(2) . ?  
C13 H13 0.9300 . ?  
C4 C3 1.380(2) . ?  
C4 C5 1.397(2) . ?  
C4 H4 0.9300 . ?  
C12 C11 1.453(2) . ?  
C12 C22 1.469(2) . ?  
C14 C21 1.387(2) . ?  
C14 C15 1.390(2) . ?  
C14 H14 0.9300 . ?  
C3 O3 1.3677(19) . ?  
C3 C2 1.404(2) . ?  
C11 C10 1.321(2) . ?  
C11 H11 0.9300 . ?  
C5 C6 1.381(2) . ?  
C5 C9 1.513(2) . ?  
C2 O2 1.370(2) . ?  
C2 C1 1.379(2) . ?  
C9 C10 1.495(2) . ?  
C9 H9A 0.9700 . ?  
C9 H9B 0.9700 . ?  
C16 O1 1.363(2) . ?  
C16 C15 1.384(2) . ?  
C16 C17 1.402(2) . ?  
C1 C6 1.394(3) . ?  
C1 H1 0.9300 . ?  
C6 H6 0.9300 . ?  
C17 O4 1.366(2) . ?  
C15 H15 0.9300 . ?  
C10 H10 0.9300 . ?  
C20 O4 1.415(2) . ?  
C20 H20A 0.9600 . ?  
C20 H20B 0.9600 . ?  
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C20 H20C 0.9600 . ?  
C19 O1 1.423(2) . ?  
C19 H19A 0.9600 . ?  
C19 H19B 0.9600 . ?  
C19 H19C 0.9600 . ?  
C7 O2 1.417(3) . ?  
C7 H7A 0.9600 . ?  
C7 H7B 0.9600 . ?  
C7 H7C 0.9600 . ?  
C8 O3 1.417(3) . ?  
C8 H8A 0.9600 . ?  
C8 H8B 0.9600 . ?  
C8 H8C 0.9600 . ?  
C22 N1 1.128(2) . ?  
C22 H22 0.9300 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C17 C18 C21 121.30(15) . . ?  
C17 C18 H18 119.4 . . ?  
C21 C18 H18 119.4 . . ?  
C12 C13 C21 131.73(16) . . ?  
C12 C13 H13 114.1 . . ?  
C21 C13 H13 114.1 . . ?  
C3 C4 C5 121.23(16) . . ?  
C3 C4 H4 119.4 . . ?  
C5 C4 H4 119.4 . . ?  
C13 C12 C11 122.46(15) . . ?  
C13 C12 C22 121.58(15) . . ?  
C11 C12 C22 115.85(14) . . ?  
C21 C14 C15 120.94(15) . . ?  
C21 C14 H14 119.5 . . ?  
C15 C14 H14 119.5 . . ?  
O3 C3 C4 124.57(16) . . ?  
O3 C3 C2 115.78(15) . . ?  
C4 C3 C2 119.65(15) . . ?  
C10 C11 C12 127.59(16) . . ?  
C10 C11 H11 116.2 . . ?  
C12 C11 H11 116.2 . . ?  
C6 C5 C4 118.44(15) . . ?  
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C6 C5 C9 121.94(15) . . ?  
C4 C5 C9 119.55(16) . . ?  
O2 C2 C1 124.99(16) . . ?  
O2 C2 C3 115.59(15) . . ?  
C1 C2 C3 119.43(15) . . ?  
C10 C9 C5 115.03(15) . . ?  
C10 C9 H9A 108.5 . . ?  
C5 C9 H9A 108.5 . . ?  
C10 C9 H9B 108.5 . . ?  
C5 C9 H9B 108.5 . . ?  
H9A C9 H9B 107.5 . . ?  
O1 C16 C15 125.26(16) . . ?  
O1 C16 C17 115.26(15) . . ?  
C15 C16 C17 119.48(15) . . ?  
C2 C1 C6 120.23(17) . . ?  
C2 C1 H1 119.9 . . ?  
C6 C1 H1 119.9 . . ?  
C5 C6 C1 120.97(16) . . ?  
C5 C6 H6 119.5 . . ?  
C1 C6 H6 119.5 . . ?  
O4 C17 C18 125.01(15) . . ?  
O4 C17 C16 115.26(14) . . ?  
C18 C17 C16 119.73(15) . . ?  
C16 C15 C14 120.41(16) . . ?  
C16 C15 H15 119.8 . . ?  
C14 C15 H15 119.8 . . ?  
C11 C10 C9 123.32(17) . . ?  
C11 C10 H10 118.3 . . ?  
C9 C10 H10 118.3 . . ?  
O4 C20 H20A 109.5 . . ?  
O4 C20 H20B 109.5 . . ?  
H20A C20 H20B 109.5 . . ?  
O4 C20 H20C 109.5 . . ?  
H20A C20 H20C 109.5 . . ?  
H20B C20 H20C 109.5 . . ?  
O1 C19 H19A 109.5 . . ?  
O1 C19 H19B 109.5 . . ?  
H19A C19 H19B 109.5 . . ?  
O1 C19 H19C 109.5 . . ?  
H19A C19 H19C 109.5 . . ?  
H19B C19 H19C 109.5 . . ?  
O2 C7 H7A 109.5 . . ?  
O2 C7 H7B 109.5 . . ?  
H7A C7 H7B 109.5 . . ?  
O2 C7 H7C 109.5 . . ?  
H7A C7 H7C 109.5 . . ?  
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H7B C7 H7C 109.5 . . ?  
O3 C8 H8A 109.5 . . ?  
O3 C8 H8B 109.5 . . ?  
H8A C8 H8B 109.5 . . ?  
O3 C8 H8C 109.5 . . ?  
H8A C8 H8C 109.5 . . ?  
H8B C8 H8C 109.5 . . ?  
C14 C21 C18 118.09(15) . . ?  
C14 C21 C13 124.81(15) . . ?  
C18 C21 C13 117.09(15) . . ?  
C3 O3 C8 116.56(15) . . ?  
C2 O2 C7 117.05(16) . . ?  
C16 O1 C19 117.92(16) . . ?  
C17 O4 C20 117.31(14) . . ?  
N1 C22 C12 176.43(19) . . ?  
N1 C22 H22 180.0 . . ?  
C12 C22 H22 3.6 . . ?  
  
_diffrn_measured_fraction_theta_max    0.988  
_diffrn_reflns_theta_full              28.75  
_diffrn_measured_fraction_theta_full   0.988  
_refine_diff_density_max    0.217  
_refine_diff_density_min   -0.373  
_refine_diff_density_rms    0.041 
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ORTEP of 5α-Cholestan-1-ene-3-one 
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CIF Data for 5α-Cholestan-1-ene-3-one 
 
data_test_0m  
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
 ?  
;  
_chemical_name_common             Cholestenone  
_chemical_melting_point           ?  
_chemical_formula_moiety          'C27 H44 O'   
_chemical_formula_sum     'C27 H44 O'   
_chemical_formula_weight          384.62  
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting            Monoclinic  
_symmetry_space_group_name_H-M    'P21'  
  
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, y+1/2, -z'  
  
_cell_length_a                    10.377(4)  
_cell_length_b                    7.891(3)  
_cell_length_c                    15.162(6)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  105.19(3)  
_cell_angle_gamma                 90.00  
_cell_volume                      1198.0(9)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     296(2)  
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_cell_measurement_reflns_used     ?  
_cell_measurement_theta_min       ?  
_cell_measurement_theta_max       ?  
  
_exptl_crystal_description        Plates  
_exptl_crystal_colour             Colorless  
_exptl_crystal_size_max           0.67  
_exptl_crystal_size_mid           0.20  
_exptl_crystal_size_min           0.20  
_exptl_crystal_density_meas       ?  
_exptl_crystal_density_diffrn     1.066  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              428  
_exptl_absorpt_coefficient_mu     0.062  
_exptl_absorpt_correction_type    multi-scan  
_exptl_absorpt_correction_T_min   0.9597  
_exptl_absorpt_correction_T_max   0.9877  
_exptl_absorpt_process_details    'SADABS' 
  
_exptl_special_details  
;  
 ?  
;  
  
_diffrn_ambient_temperature       296(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK\a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device_type   'Bruker Smart ApexII'  
_diffrn_measurement_method        '\f and \w scans' 
_diffrn_detector_area_resol_mean  ?  
_diffrn_standards_number          7517  
_diffrn_standards_interval_count  0  
_diffrn_standards_interval_time   0  
_diffrn_standards_decay_%         ?  
_diffrn_reflns_number             17975  
_diffrn_reflns_av_R_equivalents   0.0679  
_diffrn_reflns_av_sigmaI/netI     0.1013  
_diffrn_reflns_limit_h_min        -15  
_diffrn_reflns_limit_h_max        15  
_diffrn_reflns_limit_k_min        -11  
_diffrn_reflns_limit_k_max        11  
_diffrn_reflns_limit_l_min        -22  
_diffrn_reflns_limit_l_max        21  
_diffrn_reflns_theta_min          2.03  
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_diffrn_reflns_theta_max          31.42  
_reflns_number_total              7517  
_reflns_number_gt                 2646  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection        'SMART (Bruker, 1998)'  
_computing_cell_refinement        'SAINT (Bruker, 1998)'  
_computing_data_reduction         'SAINT'  
_computing_structure_solution     'SHELXS-97 (Sheldrick, 1990)'  
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)'  
_computing_molecular_graphics     'SHELXTL (Sheldrick, 2000)'  
_computing_publication_material   'ORTEP-3 for windows (Faruggia, 1997)'  
  
_refine_special_details  
;  
 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[\s^2^(Fo^2^)+(0.1000P)^2^+0.6485P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     mixed  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef        ?  
_refine_ls_abs_structure_details  
 'Flack H D (1983), Acta Cryst. A39, 876-881'  
_refine_ls_abs_structure_Flack    3(5)  
_refine_ls_number_reflns          7517  
_refine_ls_number_parameters      258  
_refine_ls_number_restraints      1  
_refine_ls_R_factor_all           0.1821  
_refine_ls_R_factor_gt            0.0597  
_refine_ls_wR_factor_ref          0.2265  
_refine_ls_wR_factor_gt           0.1490  
_refine_ls_goodness_of_fit_ref    0.752  
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_refine_ls_restrained_S_all       0.752  
_refine_ls_shift/su_max           0.018  
_refine_ls_shift/su_mean          0.002  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
C10 C 0.6376(3) 0.4892(4) 0.1689(2) 0.0491(8) Uani 1 1 d . . .  
H10 H 0.7179 0.5037 0.2194 0.059 Uiso 1 1 calc R . .  
C16 C 0.5180(3) 0.4683(4) 0.20866(19) 0.0486(7) Uani 1 1 d . . .  
H16 H 0.4409 0.4481 0.1565 0.058 Uiso 1 1 calc R . .  
C11 C 0.6540(3) 0.3279(5) 0.11562(18) 0.0499(7) Uani 1 1 d . . .  
H11 H 0.5729 0.3188 0.0652 0.060 Uiso 1 1 calc R . .  
C9 C 0.6218(4) 0.6455(5) 0.1065(2) 0.0678(10) Uani 1 1 d . . .  
H9A H 0.5363 0.6394 0.0613 0.081 Uiso 1 1 calc R . .  
H9B H 0.6217 0.7465 0.1430 0.081 Uiso 1 1 calc R . .  
C8 C 0.7325(4) 0.6607(6) 0.0575(3) 0.0734(11) Uani 1 1 d . . .  
H8A H 0.7127 0.7544 0.0147 0.088 Uiso 1 1 calc R . .  
H8B H 0.8165 0.6847 0.1019 0.088 Uiso 1 1 calc R . .  
C5 C 0.7460(3) 0.4985(5) 0.0064(2) 0.0611(9) Uani 1 1 d . . .  
H5 H 0.6587 0.4793 -0.0366 0.073 Uiso 1 1 calc R . .  
C14 C 0.5255(3) 0.3138(4) 0.27274(18) 0.0476(7) Uani 1 1 d . . .  
C6 C 0.8465(4) 0.5130(6) -0.0518(3) 0.0818(13) Uani 1 1 d . . .  
H6A H 0.8183 0.6032 -0.0961 0.098 Uiso 1 1 calc R . .  
H6B H 0.9332 0.5434 -0.0125 0.098 Uiso 1 1 calc R . .  
C13 C 0.5389(3) 0.1568(5) 0.2175(2) 0.0561(8) Uani 1 1 d . . .  
H13A H 0.4573 0.1414 0.1694 0.067 Uiso 1 1 calc R . .  
H13B H 0.5505 0.0582 0.2570 0.067 Uiso 1 1 calc R . .  
C12 C 0.6571(4) 0.1692(5) 0.1749(2) 0.0621(9) Uani 1 1 d . . .  
H12A H 0.6577 0.0695 0.1376 0.074 Uiso 1 1 calc R . .  
H12B H 0.7394 0.1693 0.2234 0.074 Uiso 1 1 calc R . .  
C1 C 0.8597(4) 0.3507(8) -0.1016(3) 0.0906(15) Uani 1 1 d . . .  
C3 C 0.7794(3) 0.1908(6) 0.0116(3) 0.0700(11) Uani 1 1 d . . .  
H3 H 0.7566 0.0860 0.0312 0.084 Uiso 1 1 calc R . .  
C2 C 0.8158(4) 0.1951(6) -0.0670(3) 0.0773(13) Uani 1 1 d . . .  
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H2 H 0.8129 0.0956 -0.1003 0.093 Uiso 1 1 calc R . .  
C19 C 0.3922(3) 0.3353(5) 0.30030(18) 0.0506(7) Uani 1 1 d . . .  
H19 H 0.3199 0.3034 0.2471 0.061 Uiso 1 1 calc R . .  
C25 C 0.0562(3) 0.2449(5) 0.5972(2) 0.0586(8) Uani 1 1 d . . .  
H25 H 0.0844 0.1283 0.6144 0.070 Uiso 1 1 calc R . .  
C20 C 0.3690(3) 0.2381(5) 0.3830(2) 0.0582(9) Uani 1 1 d . . .  
H20 H 0.4345 0.2792 0.4378 0.070 Uiso 1 1 calc R . .  
C22 C 0.2291(3) 0.2758(6) 0.3949(2) 0.0645(10) Uani 1 1 d . . .  
H22A H 0.2065 0.3926 0.3776 0.077 Uiso 1 1 calc R . .  
H22B H 0.1648 0.2041 0.3534 0.077 Uiso 1 1 calc R . .  
C26 C -0.0907(3) 0.2604(6) 0.5957(3) 0.0799(12) Uani 1 1 d . . .  
H26A H -0.1007 0.2440 0.6563 0.120 Uiso 1 1 calc R . .  
H26B H -0.1414 0.1760 0.5556 0.120 Uiso 1 1 calc R . .  
H26C H -0.1227 0.3711 0.5742 0.120 Uiso 1 1 calc R . .  
C24 C 0.0759(3) 0.2779(5) 0.5023(2) 0.0590(9) Uani 1 1 d . . .  
H24A H 0.0144 0.2061 0.4589 0.071 Uiso 1 1 calc R . .  
H24B H 0.0514 0.3946 0.4859 0.071 Uiso 1 1 calc R . .  
C23 C 0.2157(3) 0.2481(6) 0.4914(2) 0.0638(9) Uani 1 1 d . . .  
H23A H 0.2421 0.1327 0.5097 0.077 Uiso 1 1 calc R . .  
H23B H 0.2771 0.3235 0.5325 0.077 Uiso 1 1 calc R . .  
C21 C 0.3883(4) 0.0463(5) 0.3774(3) 0.0774(11) Uani 1 1 d . . .  
H21A H 0.3343 0.0049 0.3200 0.116 Uiso 1 1 calc R . .  
H21B H 0.3621 -0.0084 0.4265 0.116 Uiso 1 1 calc R . .  
H21C H 0.4805 0.0223 0.3820 0.116 Uiso 1 1 calc R . .  
O1 O 0.9077(4) 0.3498(7) -0.1671(2) 0.1407(16) Uani 1 1 d . . .  
C4 C 0.7725(3) 0.3426(5) 0.07052(19) 0.0559(8) Uani 1 1 d . . .  
C17 C 0.4786(4) 0.6153(5) 0.2619(2) 0.0628(9) Uani 1 1 d . . .  
H17A H 0.4336 0.7039 0.2209 0.075 Uiso 1 1 calc R . .  
H17B H 0.5563 0.6630 0.3049 0.075 Uiso 1 1 calc R . .  
C15 C 0.6440(3) 0.3251(5) 0.35833(19) 0.0631(9) Uani 1 1 d . . .  
H15A H 0.6502 0.2219 0.3927 0.095 Uiso 1 1 calc R . .  
H15B H 0.6308 0.4187 0.3954 0.095 Uiso 1 1 calc R . .  
H15C H 0.7251 0.3418 0.3402 0.095 Uiso 1 1 calc R . .  
C7 C 0.9086(3) 0.3514(6) 0.1439(2) 0.0728(11) Uani 1 1 d . . .  
H7A H 0.9255 0.2453 0.1757 0.109 Uiso 1 1 calc R . .  
H7B H 0.9059 0.4405 0.1865 0.109 Uiso 1 1 calc R . .  
H7C H 0.9785 0.3740 0.1147 0.109 Uiso 1 1 calc R . .  
C27 C 0.1380(4) 0.3614(6) 0.6694(2) 0.0800(12) Uani 1 1 d . . .  
H27A H 0.1126 0.4768 0.6538 0.120 Uiso 1 1 calc R . .  
H27B H 0.2310 0.3470 0.6728 0.120 Uiso 1 1 calc R . .  
H27C H 0.1224 0.3346 0.7275 0.120 Uiso 1 1 calc R . .  
C18 C 0.3837(4) 0.5323(5) 0.3121(2) 0.0664(10) Uani 1 1 d . . .  
H18A H 0.2930 0.5713 0.2862 0.080 Uiso 1 1 calc R . .  
H18B H 0.4101 0.5622 0.3764 0.080 Uiso 1 1 calc R . .  
  
loop_  
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 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
C10 0.0522(17) 0.054(2) 0.0405(15) 0.0028(14) 0.0110(12) 0.0018(14)  
C16 0.0492(16) 0.056(2) 0.0418(15) 0.0002(14) 0.0139(12) 0.0005(14)  
C11 0.0439(14) 0.063(2) 0.0430(14) -0.0002(16) 0.0118(11) 0.0027(15)  
C9 0.080(2) 0.063(2) 0.066(2) 0.0155(19) 0.0297(18) 0.0015(19)  
C8 0.078(2) 0.075(3) 0.071(2) 0.018(2) 0.0281(19) -0.002(2)  
C5 0.0527(18) 0.080(3) 0.0527(18) 0.0114(18) 0.0170(14) -0.0025(17)  
C14 0.0473(15) 0.055(2) 0.0408(13) 0.0004(14) 0.0127(11) 0.0017(14)  
C6 0.067(2) 0.120(4) 0.063(2) 0.014(3) 0.0253(18) -0.008(2)  
C13 0.066(2) 0.055(2) 0.0523(18) -0.0013(15) 0.0244(15) -0.0020(17)  
C12 0.073(2) 0.056(2) 0.064(2) 0.0066(17) 0.0306(17) 0.0084(17)  
C1 0.068(2) 0.148(5) 0.062(2) 0.002(3) 0.0280(18) 0.006(3)  
C3 0.057(2) 0.087(3) 0.070(2) -0.002(2) 0.0256(17) 0.0079(19)  
C2 0.060(2) 0.107(4) 0.067(2) -0.014(2) 0.0221(18) 0.007(2)  
C19 0.0512(15) 0.056(2) 0.0453(14) 0.0011(16) 0.0133(11) 0.0018(15)  
C25 0.0625(19) 0.064(2) 0.0524(17) 0.0030(16) 0.0199(15) 0.0023(17)  
C20 0.0588(18) 0.067(2) 0.0506(17) 0.0068(16) 0.0183(14) 0.0057(16)  
C22 0.0609(19) 0.083(3) 0.0561(18) 0.0080(17) 0.0259(15) 0.0045(18)  
C26 0.066(2) 0.097(3) 0.085(3) -0.006(2) 0.0349(19) -0.005(2)  
C24 0.0575(18) 0.069(3) 0.0541(17) 0.0024(15) 0.0207(14) 0.0005(16)  
C23 0.0578(19) 0.083(3) 0.0549(18) 0.0053(18) 0.0213(14) 0.0068(17)  
C21 0.096(3) 0.058(3) 0.094(3) 0.023(2) 0.053(2) 0.012(2)  
O1 0.159(3) 0.196(5) 0.097(2) -0.005(3) 0.088(2) -0.008(3)  
C4 0.0478(15) 0.076(2) 0.0439(15) 0.0047(18) 0.0124(12) 0.0046(17)  
C17 0.076(2) 0.053(2) 0.065(2) 0.0014(17) 0.0287(17) 0.0087(17)  
C15 0.0582(17) 0.080(3) 0.0482(16) 0.0051(18) 0.0083(13) -0.0016(18)  
C7 0.0508(17) 0.099(3) 0.065(2) 0.013(2) 0.0087(14) 0.0032(19)  
C27 0.079(2) 0.098(4) 0.064(2) -0.010(2) 0.0192(18) -0.005(2)  
C18 0.081(2) 0.057(2) 0.069(2) 0.0074(18) 0.0335(18) 0.0138(19)  
  
_geom_special_details  
;  
 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  
 treatment of cell esds is used for estimating esds involving l.s. planes.  
;  
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loop_  
 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
C10 C16 1.524(4) . ?  
C10 C9 1.536(5) . ?  
C10 C11 1.541(4) . ?  
C10 H10 0.9800 . ?  
C16 C17 1.528(5) . ?  
C16 C14 1.548(4) . ?  
C16 H16 0.9800 . ?  
C11 C12 1.537(5) . ?  
C11 C4 1.560(4) . ?  
C11 H11 0.9800 . ?  
C9 C8 1.527(5) . ?  
C9 H9A 0.9700 . ?  
C9 H9B 0.9700 . ?  
C8 C5 1.521(6) . ?  
C8 H8A 0.9700 . ?  
C8 H8B 0.9700 . ?  
C5 C6 1.536(5) . ?  
C5 C4 1.547(5) . ?  
C5 H5 0.9800 . ?  
C14 C13 1.522(4) . ?  
C14 C15 1.539(4) . ?  
C14 C19 1.556(4) . ?  
C6 C1 1.512(7) . ?  
C6 H6A 0.9700 . ?  
C6 H6B 0.9700 . ?  
C13 C12 1.532(4) . ?  
C13 H13A 0.9700 . ?  
C13 H13B 0.9700 . ?  
C12 H12A 0.9700 . ?  
C12 H12B 0.9700 . ?  
C1 O1 1.222(4) . ?  
C1 C2 1.454(7) . ?  
C3 C2 1.341(5) . ?  
C3 C4 1.508(5) . ?  
C3 H3 0.9300 . ?  
C2 H2 0.9300 . ?  
C19 C20 1.541(4) . ?  
C19 C18 1.570(5) . ?  
C19 H19 0.9800 . ?  
C25 C27 1.509(5) . ?  
127 
 
C25 C26 1.524(5) . ?  
C25 C24 1.528(4) . ?  
C25 H25 0.9800 . ?  
C20 C21 1.532(6) . ?  
C20 C22 1.538(4) . ?  
C20 H20 0.9800 . ?  
C22 C23 1.521(4) . ?  
C22 H22A 0.9700 . ?  
C22 H22B 0.9700 . ?  
C26 H26A 0.9600 . ?  
C26 H26B 0.9600 . ?  
C26 H26C 0.9600 . ?  
C24 C23 1.521(4) . ?  
C24 H24A 0.9700 . ?  
C24 H24B 0.9700 . ?  
C23 H23A 0.9700 . ?  
C23 H23B 0.9700 . ?  
C21 H21A 0.9600 . ?  
C21 H21B 0.9600 . ?  
C21 H21C 0.9600 . ?  
C4 C7 1.553(4) . ?  
C17 C18 1.540(5) . ?  
C17 H17A 0.9700 . ?  
C17 H17B 0.9700 . ?  
C15 H15A 0.9600 . ?  
C15 H15B 0.9600 . ?  
C15 H15C 0.9600 . ?  
C7 H7A 0.9600 . ?  
C7 H7B 0.9600 . ?  
C7 H7C 0.9600 . ?  
C27 H27A 0.9600 . ?  
C27 H27B 0.9600 . ?  
C27 H27C 0.9600 . ?  
C18 H18A 0.9700 . ?  
C18 H18B 0.9700 . ?  
  
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C16 C10 C9 111.3(3) . . ?  
C16 C10 C11 109.4(3) . . ?  
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C9 C10 C11 110.4(3) . . ?  
C16 C10 H10 108.5 . . ?  
C9 C10 H10 108.5 . . ?  
C11 C10 H10 108.5 . . ?  
C10 C16 C17 119.0(3) . . ?  
C10 C16 C14 114.9(2) . . ?  
C17 C16 C14 104.1(2) . . ?  
C10 C16 H16 106.0 . . ?  
C17 C16 H16 106.0 . . ?  
C14 C16 H16 106.0 . . ?  
C12 C11 C10 110.8(2) . . ?  
C12 C11 C4 114.8(3) . . ?  
C10 C11 C4 112.1(3) . . ?  
C12 C11 H11 106.2 . . ?  
C10 C11 H11 106.2 . . ?  
C4 C11 H11 106.2 . . ?  
C8 C9 C10 113.0(3) . . ?  
C8 C9 H9A 109.0 . . ?  
C10 C9 H9A 109.0 . . ?  
C8 C9 H9B 109.0 . . ?  
C10 C9 H9B 109.0 . . ?  
H9A C9 H9B 107.8 . . ?  
C5 C8 C9 111.3(3) . . ?  
C5 C8 H8A 109.4 . . ?  
C9 C8 H8A 109.4 . . ?  
C5 C8 H8B 109.4 . . ?  
C9 C8 H8B 109.4 . . ?  
H8A C8 H8B 108.0 . . ?  
C8 C5 C6 113.4(3) . . ?  
C8 C5 C4 112.0(3) . . ?  
C6 C5 C4 112.6(3) . . ?  
C8 C5 H5 106.1 . . ?  
C6 C5 H5 106.1 . . ?  
C4 C5 H5 106.1 . . ?  
C13 C14 C15 110.1(3) . . ?  
C13 C14 C16 107.0(2) . . ?  
C15 C14 C16 112.4(3) . . ?  
C13 C14 C19 116.9(3) . . ?  
C15 C14 C19 109.7(2) . . ?  
C16 C14 C19 100.4(2) . . ?  
C1 C6 C5 112.9(4) . . ?  
C1 C6 H6A 109.0 . . ?  
C5 C6 H6A 109.0 . . ?  
C1 C6 H6B 109.0 . . ?  
C5 C6 H6B 109.0 . . ?  
H6A C6 H6B 107.8 . . ?  
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C14 C13 C12 112.2(3) . . ?  
C14 C13 H13A 109.2 . . ?  
C12 C13 H13A 109.2 . . ?  
C14 C13 H13B 109.2 . . ?  
C12 C13 H13B 109.2 . . ?  
H13A C13 H13B 107.9 . . ?  
C13 C12 C11 113.7(3) . . ?  
C13 C12 H12A 108.8 . . ?  
C11 C12 H12A 108.8 . . ?  
C13 C12 H12B 108.8 . . ?  
C11 C12 H12B 108.8 . . ?  
H12A C12 H12B 107.7 . . ?  
O1 C1 C2 121.4(6) . . ?  
O1 C1 C6 121.4(6) . . ?  
C2 C1 C6 117.1(3) . . ?  
C2 C3 C4 125.1(4) . . ?  
C2 C3 H3 117.5 . . ?  
C4 C3 H3 117.5 . . ?  
C3 C2 C1 122.0(4) . . ?  
C3 C2 H2 119.0 . . ?  
C1 C2 H2 119.0 . . ?  
C20 C19 C14 120.3(3) . . ?  
C20 C19 C18 112.0(3) . . ?  
C14 C19 C18 102.6(3) . . ?  
C20 C19 H19 107.1 . . ?  
C14 C19 H19 107.1 . . ?  
C18 C19 H19 107.1 . . ?  
C27 C25 C26 109.4(3) . . ?  
C27 C25 C24 113.0(3) . . ?  
C26 C25 C24 110.6(3) . . ?  
C27 C25 H25 107.9 . . ?  
C26 C25 H25 107.9 . . ?  
C24 C25 H25 107.9 . . ?  
C21 C20 C22 109.8(3) . . ?  
C21 C20 C19 113.3(3) . . ?  
C22 C20 C19 110.6(3) . . ?  
C21 C20 H20 107.6 . . ?  
C22 C20 H20 107.6 . . ?  
C19 C20 H20 107.6 . . ?  
C23 C22 C20 114.3(3) . . ?  
C23 C22 H22A 108.7 . . ?  
C20 C22 H22A 108.7 . . ?  
C23 C22 H22B 108.7 . . ?  
C20 C22 H22B 108.7 . . ?  
H22A C22 H22B 107.6 . . ?  
C25 C26 H26A 109.5 . . ?  
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C25 C26 H26B 109.5 . . ?  
H26A C26 H26B 109.5 . . ?  
C25 C26 H26C 109.5 . . ?  
H26A C26 H26C 109.5 . . ?  
H26B C26 H26C 109.5 . . ?  
C23 C24 C25 116.3(3) . . ?  
C23 C24 H24A 108.2 . . ?  
C25 C24 H24A 108.2 . . ?  
C23 C24 H24B 108.2 . . ?  
C25 C24 H24B 108.2 . . ?  
H24A C24 H24B 107.4 . . ?  
C24 C23 C22 114.4(3) . . ?  
C24 C23 H23A 108.7 . . ?  
C22 C23 H23A 108.7 . . ?  
C24 C23 H23B 108.7 . . ?  
C22 C23 H23B 108.7 . . ?  
H23A C23 H23B 107.6 . . ?  
C20 C21 H21A 109.5 . . ?  
C20 C21 H21B 109.5 . . ?  
H21A C21 H21B 109.5 . . ?  
C20 C21 H21C 109.5 . . ?  
H21A C21 H21C 109.5 . . ?  
H21B C21 H21C 109.5 . . ?  
C3 C4 C5 106.7(3) . . ?  
C3 C4 C7 106.5(3) . . ?  
C5 C4 C7 113.1(3) . . ?  
C3 C4 C11 111.5(3) . . ?  
C5 C4 C11 107.7(3) . . ?  
C7 C4 C11 111.3(2) . . ?  
C16 C17 C18 103.4(3) . . ?  
C16 C17 H17A 111.1 . . ?  
C18 C17 H17A 111.1 . . ?  
C16 C17 H17B 111.1 . . ?  
C18 C17 H17B 111.1 . . ?  
H17A C17 H17B 109.0 . . ?  
C14 C15 H15A 109.5 . . ?  
C14 C15 H15B 109.5 . . ?  
H15A C15 H15B 109.5 . . ?  
C14 C15 H15C 109.5 . . ?  
H15A C15 H15C 109.5 . . ?  
H15B C15 H15C 109.5 . . ?  
C4 C7 H7A 109.5 . . ?  
C4 C7 H7B 109.5 . . ?  
H7A C7 H7B 109.5 . . ?  
C4 C7 H7C 109.5 . . ?  
H7A C7 H7C 109.5 . . ?  
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H7B C7 H7C 109.5 . . ?  
C25 C27 H27A 109.5 . . ?  
C25 C27 H27B 109.5 . . ?  
H27A C27 H27B 109.5 . . ?  
C25 C27 H27C 109.5 . . ?  
H27A C27 H27C 109.5 . . ?  
H27B C27 H27C 109.5 . . ?  
C17 C18 C19 107.6(3) . . ?  
C17 C18 H18A 110.2 . . ?  
C19 C18 H18A 110.2 . . ?  
C17 C18 H18B 110.2 . . ?  
C19 C18 H18B 110.2 . . ?  
H18A C18 H18B 108.5 . . ?  
  
_diffrn_measured_fraction_theta_max    0.974  
_diffrn_reflns_theta_full              31.42  
_diffrn_measured_fraction_theta_full   0.974  
_refine_diff_density_max    0.198  
_refine_diff_density_min   -0.192  
_refine_diff_density_rms    0.049   
132 
 
7. References 
 
1.   Stowell, J. C. Carbanions in Organic Synthesis Wiley, NY, 1976. 
2.   Arseniyadis S.; Kyler K.; Watt D., Org. React., 1984, 31, 1. 
3.   Fleming, F.; Zhang, Z., Tetrahedron, 2005, 61, 747. 
4.   Boche, G. Angew. Chem. Int. Ed. 1989, 28, 277. 
5.  (a) Sun, X.; Winemiller, M.; Xiang, B.; Collum, D., J. Am. Chem. Soc., 2001, 
123, 8039; (b) Briggs, T. ; Winemiller, M.; Xiang, B.; Collum, D.,  J. Org. Chem., 
2001, 66, 6291. 
6.   Reich, H.; Borst, J.; Dykstra, R.; Green, P., J. Am. Chem. Soc., 1993, 115, 8728. 
7.  (a) Richard, J.; Williams, G.; Gao, J., J. Am. Chem. Soc., 1999, 121, 715; (b) 
Bradamante, S.; Pagani, G., J. Chem. Soc. Perkin Trans. II., 1986, 1035; (c) 
Dayal, S.; Ehrenson, S.; Taft, R., J. Am. Chem. Soc., 1972, 94, 9113. 
8.   The sole exception is a structurally biased lithiated cyclopropanecarbonitrile 
where N- and C-coordination occur in a polymeric ladder structure: Boche, G.; 
Harms, K.; Marsch, M., J. Am. Chem. Soc., 1988, 110, 6925. 
9.   (a) Sott, R.; Granander, J.; Hilmersson, G., J. Am. Chem. Soc., 2004, 126, 6798; 
(b) Carlier, P.; Lo, C., J. Am. Chem. Soc., 2000, 122, 12819; (c) Carlier, P.; Lucht, 
B.; Collum, D., J. Am. Chem. Soc., 1994, 116, 11602.  
10.   C-metalated nitriles: (a) Naota, T.; Tannna, A.; Kamuro, S.; Murahashi, S., J. Am. 
Chem. Soc., 2002, 124, 6842; (b) Naota, T.; Tannna, A.; Murahashi, S., J. Am. 
Chem. Soc. 2000, 122, 2960; (c)  Ragaini, F.; Porta, F.; Fumagalli, A.; Demartin, 
F., Organometallics, 1991, 10, 3785; (d) Porta, F.; Ragaini, F.; Cenini, S.; 
 
133 
 
 
Demartin, F. Organometallics, 1990, 9, 929; (e) Ko, J. J.; Bockman, T. M.; 
Kochi, J., Organometallics, 1990, 9, 1833. N-metalated nitriles: (f) Tanabe, Y.; 
Seino, H.; Ishii, Y.; Hidai, M., J. Am. Chem. Soc., 2000, 122, 1690. (g) 
Murahashi, S.; Take, K.; Naota, T.; Takaya, H., Synlett, 2000, 1016. (h) Triki, S.; 
Pala, J.; Decoster, M.; Molinié, P.; Toupet, L., Angew. Chem. Int. Ed., 1999, 38, 
113. (i) Hirano, M.; Takenaka, A.; Mizuho, Y.; Hiraoka, M.; Komiya, S., J. 
Chem. Soc. Dalton Trans., 1999, 3209. (j) Yates, M.; Arif, A.; Manson, J.; Kalm, 
B.; Burkhart, B.; Miller, J., Inorg. Chem., 1998, 37, 840. (k) Zhao, H.; Heintz, R.; 
Dunbar, K., J. Am. Chem. Soc., 1996, 118, 12844. (l) Murahashi, S.; Naota, T.; 
Taki, H.; Mizuno, M.; Takaya, H.; Komiya, S.; Mizuho, Y.; Oyasato, N.; Hiraoka, 
M.; Hirano, M.; Fukuoka, A., J. Am. Chem. Soc., 1995, 117, 12436. (m) Hirano, 
M.; Ito, Y.; Hirai, M.; Fukuoka, A.; Komiya, S., Chem. Lett., 1993, 2057. (n) 
Mizuho, Y.; Kasuga, N.; Komiya, S., Chem. Lett., 1991, 2127. (o) Schlodder, R.; 
Ibers, J., Inorg. Chem. Soc., 1974, 13, 2870. (p) Ricci, J.; Ibers, J., J. Am. Chem. 
Soc., 1971, 93, 2391. 
11. (a) Fleming, F. F.; Gudipati, S.; Zhang, Z.; Liu, W.; Steward, O. W., J. Org. 
Chem., 2005, 70, 3845. (b) Fleming, F. F.; Zhang, Z.; Liu, W.; Knochel, P., J. 
Org. Chem., 2005, 70, 2200. (c) Thibonnet, J.; Vu, V. A.; Berillon, L.; Knochel, 
P. Tetrahedron 2002, 58, 4787. (d) Thibonnet, J.; Knochel, P., Tetrahedron Lett., 
2000, 41, 3319. 
12. (a) Orsini, F., Synthesis, 1985, 500. (b) Goasdoue, N.; Gaudemar, M., J. 
Organomet. Chem., 1972, 39, 17. 
 
134 
 
 
13.  For computed structural differences in the extent of C- and N-coordination for 
lithiated, sodiated, and magnesiated acetonitrile see: Kaneti, J.; Schleyer, P. V. R.; 
Clark, T.; Kos, A. J.; Spitznagel, G. W.; Andrade, J. G.; Moffat, J. B. J. Am. 
Chem. Soc., 1986, 108, 1481. 
14.  Enders, D.; Kirchhoff, J.; Gerdes, P.; Mannes, D.; Raabe, G.; Runsink, J.; Boche, 
G.; Marsch, M.; Ahlbrecht, H.; Sommer, H., Eur. J. Org. Chem., 1998, 63. 
15.  Allen, F. H.; Kennard, O.; Watson, D. G.; Brammer, L.; Orpen, A. G.; Taylor, R. 
J. Chem. Soc. Perkin. Trans. 2, 1987, S1.  
16.   Wiberg, K. B.; Castejon, H., J. Org. Chem., 1995, 60, 6327. 
17.  (a) Juchnovski, I. N.; Tsenov, J. A.; Binev, I. G., Spectrochim. Acta Part A., 1996, 
52, 1145. (b) Bernasconi, C. F.; Wenzel, P. J., J. Org. Chem., 2001, 66, 968. (d) 
Zimmerman, H. E.; Ignatchenko, A., J. Org. Chem., 1999, 64, 6635. (e) Koch, R.; 
Wiedel, B.; Anders, E., J. Org. Chem. 1996, 61, 2523; (f) see reference 12. 
18.  Allen, F. H., Acta Crystallogr., Sect. B: Struct. Crystallogr. Cryst. Chem., 1980, 
36, 81. 
19.   Boche G.; Marsch, M.; Harms, K., Angew. Chem. Int. Ed., 1986, 25, 373. 
20.  Zarges, W.; Marsch, M.; Harms, K.; Boche G., Angew. Chem. Int. Ed., 1989, 28, 
1392. 
21.   Iravani, E.; Neumüller, B., Organometallics, 2003, 22, 4129. 
22.  Boche, G.; Langlotz, I.; Marsch, M.; Harms, K.; Frenking, G., Angew. Chem., Int. 
Ed., 1993, 32, 1171. 
23.    Langlotz, I.; Marsch, M.; Harms, K.; Boche, G., Z. Kristallogr., 1999, 214, 509. 
 
135 
 
 
24.  Henderson, K. W.; Kennedy, A. R.; MacDougall, D. J.; Shanks, D., 
Organometallics, 2002, 21, 606. 
25.   Bestman, H. J.; Röder, T.; Bremer, M.; Löw, D., Chem. Ber., 1991, 124, 199. 
26.  (a) Personal Correspondence with Dr. Paul Carlier; (b) Das, R.; Wilkie, C. A.,  J. 
Am. Chem. Soc., 1972, 94, 4555. 
27.   Kujime, M.; Hikichi, S.; Akita, M., Organometallics 2001, 20, 4049. 
28.  Ruthenated Nitriles: (a) Bruce, M. I.; Buntine, M. A.; Costuas, K.; Ellis, B. G.; 
Halet, J.; Low, P. J.; Skelton, B. W.; White, A. H., J. Organomet. Chem., 2004, 
689, 3308; (b) See 9l ; Molybdenated Nitriles: See 9f ; Cuprated Nitriles: (a) Shi, 
J.; Liu, Q.; Xu, W.; Meng, L.; Cheng, P.; Zhao, B.; Yu, W., Can. J. Chem., 2004, 
82, 483; (b) See 10h. 
29.  (a) Culkin, D. A.; Hartwig, J. F., Organometallics, 2004, 23, 3398. (b) Culkin, D. 
A.; Hartwig, J. F., J. Am. Chem. Soc., 2002, 124, 9330. 
30.  McCrindle, R.; Ferguson, G.; McAlees, A. J.; Parvez, M.; Roberts, P. J., J. Chem. 
Soc., Dalton Trans., 1982, 1699. 
31.  Wakatsuki, Y.; Skaurai, T.; Yamazaki, H., J. Chem. Soc., Dalton. Trans., 1982, 
1923. 
32.   Sacher, W.; Nagel, U.; Beck, W., Chem. Ber., 1987, 120, 895. 
33.  Bruce, M. I.; Skelton, B. W.; White, A. H.; Zaitseva, N. N., Inorg. Chem. 
Commun., 2001, 4, 617. 
34.  Aime, S.; Cordero, L.; Gobetto, R.; Bordoni, S.; Busetto, L.; Zanotti, V.; Albano, 
V. G.; Braga, D.; Grepioni, F., J. Chem. Soc., Dalton Trans., 1992, 2961. 
 
136 
 
 
35.   (a) Yamamoto, T.; Kubota, M.; Miyashita, A.; Yamamoto, A., Bull. Chem. Soc. 
Jpn., 1978, 51, 1835; (b) Hiraki, K.; Fuchita, Y.; Morita, Y., Bull. Chem. Soc. 
Jpn., 1978, 51, 2012. 
36.  Huang, Z.; Hartwig, J. F.  Angew. Chem., Int. Ed., 2012, 51, 1028; (b) Kamte, M. 
Fotsing; Baumeister, U.; Schafer, W., Z. Anorg. Allg. Chem., 2003, 629, 1919. 
37.  (a) Vakulka, A. A.; Goreshnik, E. A.; Mys'kiv, M. G., Russ. J. Coord. Chem., 
2012, 38, 111; (b) Sutton, J. E.; Zink, J. I., Inorg. Chem., 1976, 15, 675. 
38.  Alburquerque, P. R.; Pinhas, A. R.; Krause Bauer, J. A., Inorg. Chim. Acta, 2000, 
298, 239. 
39.    Reger, D. L.; Garza, D. G.; Lebioda, L., Organometallics, 1992, 11, 4285. 
40.  Groux, L. F.; Weiss, T.; Reddy, D. N.; Chase, P. A.; Piers, W. E.; Ziegler, T.; 
Parvez, M.; Benet-Buchholz, J., J. Am. Chem. Soc., 2005, 127, 1854. 
41.   Naota, T; Tannna, A; Murashi, S., Chem. Commun, 2001, 63. 
42.  Atesin, T. A.; Li, T.; Lachaize, S.; Brennessel, W. W.; Garcia, J. J.; Jones, W. D., 
J. Am. Chem. Soc., 2007, 129, 7562. 
43.   Brombacher, H.; Vahrenkamp, H., Inorg. Chem., 2004, 43, 6054. 
44.   Wu, F.; Foley, S.;  Burns, C.; Jordan, R.,  J. Am. Chem. Soc., 2005, 127, 1841. 
45.  La Monica, G.; Angaroni, M. A.; Ardizzoia, G. A., J. Organomet. Chem., 1988, 
348, 279. 
46.   Fleming, F.; Nath, D., Angew. Chem. Int. Ed., 2011, 50, 11790. 
47.   Fleming, F.; Zhang, Z.; Knochel, P., Org. Lett., 2004, 6, 501. 
 
137 
 
 
48.  Fleming, F.; Zhang, Z.; Wang, Q.; Steward, O., Angew. Chem., Int. Ed., 2004, 43, 
1126. 
49.   Carlier, P. Zhang, Y., Org. Lett, 2007, 9, 1319. 
50.  Bare, T. H.; Hershey, N. D.; House, H. O.; Swain, C. G., J. Org. Chem., 1972, 37, 
997. 
51.  (a) Fleming, F.; Wei, Y.; Liu, W.; Zhang, Z., Org. Lett., 2007, 9, 1733; (b) 
Fleming, F.; Wei, Y.; Liu, W.; Zhang, Z.; Tetrahedron, 2008, 64, 7477. 
52.   Fleming, F.; Wei, Y.; Liu, W.; Zhang, Z.; Tetrahedron, 2008, 64, 7477. 
53.  (a) Jonczyk, A.; Gierczak, A. H., Synthesis, 1998, 962; (b) Makosza, M.; 
Jawdosiuk, M., Bull. Pol. Acad. Sci., Chem., 1968, 16, 589; (c) Makosza, M., 
Tetrahedron Lett., 1966, 5489. 
54.   Guittet, E.; Julia, S.; Linstrumelle, G.; Lorne, R., Tetrahedron, 1984, 40, 4267. 
55.  (a) Bunlaksananusorn, T.; Rodriguez, A.; Knochel, P., Chem. Commun. 2001, 
745; (b) Rodriguez, A.; Bunlaksananusorn, T.; Knochel, P., Org. Lett. 2000, 2, 
3285. 
56.  (a) Koradin, C.; Rodriguez, A.; Knochel, P., Synlett, 2000, 1452; (b) Tzalis, D.; 
Knochel, P., Angew. Chem. Int Ed., 1999, 38, 1463. 
57.  For related reactions see: (a) Yeh, M.-C.; Chuang, L.-W., J. Chin. Chem. Soc. 
1997, 44, 291; (b) Yeh, M.-C.; Chuang, L.-W.; Ueng, C.-H., J. Org. Chem., 1996, 
61, 3874; (c) Takabe, K.; Ohkawa, S.; Katagiri, T., Chem. Lett., 1981, 489. 
58.  Osamu Kitagawa, O.; Suzuki, T.; Fujiwara, H.; Fujita, M.; Taguchi, T., 
Tetrahedron Lett., 1999, 40, 4585. 
 
138 
 
 
59.   Gaudin, J.-M.; Millet, P.,  Chem. Commun., 2008, 5, 588. 
60.   (a) Huang, R. L., J. Chem. Soc. 1956, 1749. (b) For a recent review see: Zipse, H., 
Top. Curr. Chem., 2006, 263, 163. 
61.  (a) Camps, P.; Luque, F.; Orozco, M.; Perez, F.; Vazquez, F., Tetrahedron Lett., 
1996, 37, 8605; (b) Ros, F.; de la Rosa, J.; Enfedaque, J.; J. Org. Chem., 1995, 60, 
5419. 
62.  Boga, C.; Stengel, R.; Abdayem, R.; Del Vecchio, E.; Forlani, L.; Todesco, P., J. 
Org. Chem. 2004, 69, 8903.  
63.   Milburn, R.; Hopkinson, A.; Bohme, D., J. Am. Chem. Soc., 2005, 127, 13070. 
64.  Compare BDE for vinyl and methyl radical: Blanksby, S.; Ellison, G., Acc. Chem. 
Res., 2003, 36, 255. and RSE values in (78b) for methyl and acetonitrile radicals. 
65. Hybridization can be estimated by the formula: 
1
J(
13
C,
1
H) = Spectrometer 
Frequency/(% s-character) 9
a
 
66. Attempts to prepare the cuprated nitrile from lithiated phenylacetonitrile 
consistently shows multiple species in solution 
67.  Fleming, F.; Wei, Y.; Liu, W.; Zhang, Z., Org. Lett., 2007, 9, 2733. 
68. Used as an analogue for hexamethyl phosphoramide (HMPA) which is banned in 
Sweden, where this portion of the research was conducted, due to possible 
carcinogenicity concerns.  
69.  Fleming, F. F.; Zhang, Z.; Wang, Q.; Steward, O. W. J. Org. Chem. 2003, 68, 
7646. 
70.  Carlier, P., Chirality 2003, 15, 340. 
 
139 
 
 
71. For a relevant review see: Hill, E. A., J. Organometal. Chem., 1975, 91, 123. For 
recent examples see: (a) Fox, J. M.; Yan, N., Curr. Org. Chem., 2005, 9, 719; (b) 
Hoffmann, R.; Knopff, O.; Faber, T., J. Chem. Soc. Perkin Trans. II, 2001, 1785: 
(c) Utimoto, K.; Imi, K.; Shiragami, H.; Fujikura, S.; Nozaki, H., Tetrahedron 
Lett. 1985, 26, 2101. 
72.  Liotta, D.; Brown, D.; Hoekstra, W.; Monahan, R. III., Tetrahedron Lett., 1987, 
28, 1969. For an analogous reduction see: Okamoto, I.; Funaki, W.; Nobuchika, 
S.; Sawamura, M.; Kotani, E.; Takeya, T., Chem. Pharm. Bull., 2005, 53, 248. 
73.  (a) Frigerio, M.; Santagostino, M.; Sputore, S., J. Org. Chem., 1999, 64, 4537; (b) 
Nicolaou, K. C.; Montagnon, T.; Baran, P.; Zhong, Y., J. Am. Chem. Soc., 2002, 
124, 2245. 
74.   Nagata, W.; Yoshioka, M., Org. React., 1977, 25, 255. 
75.    Zhang, H; Qiu, Z., Steroids, 2006, 71, 1088.   
76.  Cyclopropylmethy Bromide is a possible contaminant in butenyl bromide based 
on an analogous equilibrium between butenyl magnesium bromide: Kundig, E. P.; 
Perret, C., Helv. Chim. Acta, 1981, 64, 2606. and cyclopropyl methyl magnesium 
bromide : (a) Patel, D. J.; Hamilton, C. L.; Roberts, J. D. J. Am. Chem. Soc. 1965, 
87, 5144; (b) Maercker, A.; Güthlein, P. Wittmayr, H. Angew. Chem. 1973, 85, 
823. 
 
 
140 
 
 
77.  Reactions with 1,4-Cyclohexadiene in microwave reactions do have lower yields 
than because of the lower reaction temperature, necessary to keep pressures 
within the capability of the reaction vessel. 
78.  Masaru, K.; Sadako, E., Talanta, 1982, 29, 329. 
79.   Heck, R., Org. React. (N. Y., NY, U. S.), 1982, 27, 345. 
80.  De la Hoz, A.; Diaz-Ortiz, A.; Moreno, A.,Chem. Soc. Rev., 2005, 34, 164. 
81.   Stevens, C.; Coffield, T. H., J. Am. Chem. Soc., 1951, 103. 
82.  Fleming, F.; Zhang, Z.; Wei, G., Synthesis, 2005, 3179.   
83. (a) Rieke, R. D.; Bales, S.; Hudnall, P.; Poindexter, G., Org. Synth. 1980, 59, 85; 
(b) Richey, H. Jr.; Kossa, W., Jr., Tetrahedron Lett. 1969, 2313. 
 
